REPORTS 


OF THE AMERICAN SOCIETY FOR METAL. 


FOR GAS CARBURIZING PERFORMANCE 


You'd be amazed (as we are sometimes) at the 
long memories possessed by some of our furnace 
engineers. On short notice they'll give you the 
serial number, location and performance data on 
furnaces that we installed as long as 10 or 15 
years ago —and they're generally right. The 
point is, the best way to forecast the perform- 
ance of a furnace not yet built is to check thor- 
oughly the records of similar installations. 


BASED ON 22 YEARS OF nn 


We have built hundreds of gas carburizers 
for all types of production requirements. If you 
are interested in continuous gas carburizing for 
instance, we can point to the first installation of 
its kind in 1931. It’s still doing a job as reported 
in our sixteen-page bulletin, SC-134, an impor- 
tant and valuable review of gas carburizing tech- 
niques and possibilities. Write for it, on your 
letterhead please. 


ALSO MAKERS OF 


Kathabar conoirioninc 


SURFACE COMBUSTION CORPORATION, TOLEDO 1, OHIO 


Janitrol space HEATING 


Current ‘Surface’ Literature 


YOURS FOR THE ASKING 


You may find quick answers to your 
immediate heat treat problems in these 
recent Surface Combustion Technical 
Library publications. Ask for the ones 
most pertinent to your requirements and 
we'll send them promptly. 


bulietins 


Modern Gas Carburizing 


SC-158 RX Prepared Atmosphere 
Generator 


SC-155 Prepared Gas Atmospheres 


SC-149 — Pit Type Controlled At- 
mosphere Furnaces 


SC-147 Rotary Retort Controlled 
Atmosphere Furnaces 


reprints 


53-A Pit Type Carburizing Fur- 
naces Provide Flexible 
Setup 


52-C Continuous Carbon Restora- 
tion Furnace Boosts 
Production 


49-E Furnaces for Gas Carbur- 
izing 


49-B Homogeneous Carburizing 


47-E Influence of Water Vapor 
on Gas Carburizing 
Atmospheres 
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Metal Progress 


July 15. 1951 Vol. 66, No. I-A 


Two issues of Metal Progress are being sent to all ASMembers and subscribers ——————— 
in July: The one dated July 1, 1954 has the usual editorial direction. This one, 
dated July 15, 1954, is confined to reports of 22 @ technical committees, 
and, as noted in Metal Progress for June, 1954, p. 200, it can be used to 


im supplement the 1948 edition of the A.S.M. Metals Handbook. 
Metals and Applications 
whe The Selection of Constructional Steels a 


Engineering considerations. Fatigue. Brittle failures. Hot rolled and cold drawn steels. 
Carbon, alloy and low-alloy steels. H-steels and hardenability. Selection of carbon 
content. Tensile properties. Steels for case hardening. Standards and compositions. 


The Selection of Tool 21 


Principal types of tool steels. Factors in selection. Cutting tools. Die blocks 

and inserts. Tools for forging, trimming, hot extrusion. Dies for drawing, blanking 
and piercing, press forming, coining, cold extrusion, cold heading, thread-rolling, 
Gages. Plastic molds. Die-casting dies and permanent molds. 


Stainless 34 


Wrought alloys—austenitic, martensitic and ferritic steels; corrosion 
resistance; welding. Castings—design and selection, welding; machining. 


Short-time tension tests. Stress-rupture. Creep. Relaxation. Design curves. linpact. 
Fatigue. Vibration. Damping capacity. Design considerations. Alloy data. 
Processing. Stress relieving and ferritizing anneal. Structures; harden- 
ability; machinability. Physical and mechanical properties. Applications. 
Applications of Aluminum and Aluminum 
Aircraft, automotive, railroad, and marine applications. Electrical appliances, furniture, 
construction, and chemical process applications. Properties of 20 aluminum alloys. 
Selection of Copper and Copper Alloys OA 
Wrought forms—electrical conductivity; thermal conductivity; mechanical strength; 
| formability; machinability; surface finish; joining; corrosion resistance. Castings— 
castability; machinability; mechanical properties; bearing and wear properties; 
corrosion; electrical and thermal conductivity. 
Magnesium and Magnesium Alloys. 73 
Production and use. Processing trends. Cleaning and finishing. Application, design 
and selection. Fatigue considerations. Applications at elevated temperatures. 
Protection of assemblies. Properties of six magnesium alloys. 
Production of ingots and mill forms. Forging, forming, machining and grinding. 
+ % Welding, heat treating, cleaning and finishing. Corrosion resistance; metallography. 
Applications. Properties of titanium and titanium alloys. 
TY e Table of Contents Continued on Page A-3 
Copyright, 1954, by AMERICAN SOCIETY FOR METALS, responsible for statements or opinions printed in 


7301 Euclid Ave., Cleveland 3, Ohio. Published 
monthly except bi-weekly in July; subscription 
$7.50 a year in U.S. and Canada; foreign $10.50. 


this publication. ... Requests for change in address 
should include old address of the subscriber; miss- 


Single copies $1.50; special issues $3.00. Entered as ing numbers due to “change of address” cannot be 
second-class matter at the Post Office in Mt. Morris, replaced. Claims for non-delivery must be made 
Ill... . The AMERICAN SOCIETY FOR METALS is not within 60 days. 
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Here’ help in Ordering 
THERMALLOY* 


heat-resistant castings” 


Thermalloy 


HEAT TREAT POTS 
m 


“Centrifugal 


_Muffles & Retorts 
Castings Bulleti i 


Bulletin T-239 


Conveyor Belt 
Bulletin T-241 


General Thermalloy 
Catalog T-225 


Wherever high heat and special atmospheres 
are problems in heat-treating or processing 
equipment, Thermalloy heat-resistant castings 
can help to minimize expensive repairs, high 
maintenance costs, sudden breakdowns. 

To help you in ordering Thermalloy heat- 


Elyria, Ohio 


resistant castings for use in many different 
types of equipment, you will find assistance 
in these bulletins. To obtain the bulletins per- 
taining to your problem, call your nearest 
Electro-Alloys representative or write Electro- 
Alloys Division, 5002 Taylor St., Elyria, Ohio. 


ELECTRO-ALLOYS DIVISION 


*Reg. U. S. Pat. Off. 


our 
Thermall 
heot-treot trays ond fixtures 
| 
| 
| 
| 
: AMERICAN 
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Design and Application 


Cylinders and liners. Pistons and piston rings. ¢ ‘amnchafts and tappe ts. Valves, seats 
and guides. Piston pins. Bushings. Crankshafts. Bearings. Water pump shafts. 

Effect of Stress Concentration on Design Strength 
Service failures. Definitions and basic concepts. Applics ation to design. Notch 
sensitivity. Reducing effects of stress concentration. 

Shot Peening and Other Surface Working Processes _. 
Fatigue improvement. Processes—explanation, se Joction, control, 

Designing with grav, white, malleable, nodular irons nd with deel. 

Design of Brazed 
Metals. Clearance. Strength. Fatigue. ‘High temperature, 

Processing and Testing 

The process. Equipment. Atmosphe res. © composition ond hi wwe ‘SS of case. Tempering. 
Advantages and disadvantages. Cost factors. 

The Agitation of Quenching Mediums 126 
Effect of flow rate of oil. Correlation curves for water, oil and molten salt. 

The Cost of Heat Treating 


Recommended procedures for és Roruladag « costs. Cost of hardening a carburized 
pinion gear. Comparative costs of gas and pack carburizing. 


Selection of Metal Cleaning Methods ...131 


Removing drawing compounds from sheet steel; removing other types of | soil; 
chips and cutting fluids; polishing and buffing compounds; scale. Health hazards. 


Press Forming of Sheet Steel ...-134 
Cost and limitations. Short-run, median and high prodection tooling. 

Machining of Steel and Cast 
Cutting speed and tool life for minimum cost or maximum production. 

Machining, Joining and Finishing of Powder Metal Parts 


Drilling. Tapping. Reaming. Turning. Boring. Milling. Shaping. Grinding. 
Burnishing. Coining. Joining. Impregnation and infiltration. Heat treating. Finishing. 


Steel Melting. __.154 


Bessemer process. Basic open hearth. Basic electric furnace. Oxygen treatment 
Ingot and pouring practice. Continuous casting. Vacuum and atmosphere melting. 


Selection of Methods for Nondestructive Inspection. - 159 


Methods. Evaluating soundness of welds. Detecting cold shuts. Inspection 7 ies “at- 
resisting metals. Sorting mixed lots of steel. 


Principles of the metallurgic ry microscope. Re flecting objectives. Fhetemieonan iphy in 
color. Electrolytic polishing and etching. Cathodic vacuum etching. Phase contrast, 
ultraviolet and electron metallogr: iphy. 


Biographies of members of Metals Handbook Committee and chairmen of sub-committees. ____A-92 
Digests of Important Articles 


The Notched Slow-Bend Test (p. A-139). Stress-Corrosion Resisted by Additions 
of Ti and Ta-Cb (p. A-140). Tubing Welded Faster with Less Power (p. A-146). 
Causes of Filiform Corrosion (p. A-150). X-Ray Measurements of Lattice Distortions 
in Martensite (p. A-154). Failure of Structural Sections in Welded Ships 'P. A-156). 
Mathematics in Quality Control (p. A-166). Quality of Extrusions (p. A-170). 
Evaluate Oxalic Acid Etching Test (p. A-176), Deoxidation of Iron by Silicon 
(p. A-182). Stre er Strain Marks in Al-Mg Alloys (p. A-188). ee for High 
Temperature (p. A-191). Protective Behavior of Paint Primers (p. A-193). 


Departments Data Sheet; Temperature Conversions... .. . . 114-B 
Manufacturers’ A-21 Advertisers’ 
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THER-MONIC 


... the most complete line of 
INDUCTION, DIELECTRIC & FOUNDRY 
CORE BAKING EQUIPMENT 


Frequency Heating by production costs, THER. MONIC 
enables you to pace today’s competition! Use it to = MOTOR GENERATORS. 
raze, solder, harden, anneal, forge or melt.. .tobake | : 
foundry cores...to preheat or cure plastics... toprocess are available with 
foods, chemicals, textiles, wood, paper, etc. iti 
_ THER-MONIC produces (note above) the “country’s ; capacities up to 250 KW 
widest range of standard heat treating <n in 
various powers and frequencies. 
They are versatile and efficient. You can bank on 
them to achieve uniform results—with unskilled labo 
..and not in minutes or hours—but in precious seconds 
We welcome the opportunity to recommend appropri- _ 
te tooling and equipment. guaranteed to produce the os 
desired quality and production rates. Inquiries invited! pis 


INDUCTION HEATING CORPORATION 
181 WYTHE AVENUE, BROOKLYN 11, N. Y 
The most complete line of High Frequency Equipment 


INDUCTION HEATING CORP. 
181 Wythe Ave., Brooklyn 11, N. Y. 


Gentlemen: 


1 would like more information about THER-MONIC 
Equipment for... 


Brazing [] Soldering Hardening Forging 
Annealing [Melting Foundry Core Baking 
Dielectric Heating Rental Plans 

(J Have your representative call! 

Name 

Company 

Title 

Street City 

State 
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Ae / wae saying... 


Iss A PLEASURE to present in this 
issue of Metal Progress the first sup- 
plement to the ‘48 edition of the 
Metals Handbook, and also it seems 
like the appropriate time and place 
to bring many of the new members 
(those who have joined within the 
last 25 years) up to date on the early 
history of this notable work. It was 
in 1918 that I first heard of the be- 
ginnings of the AS.M. from Ted 
Barker, then president of the Board 
of Education of Elmhurst, Il., where 
I was superintendent of schools ‘(be- 
lieve it or not) with some 50 first- 
grade teachers, one of whom ‘Mill) I 
took out of my system and made my 
assistant and later my manager. 
So here I was, selected to become 
head of the Public School System of 
Memphis, Tenn. the following Sep- 
tember, but listening to my valued 
employer and friend enticing me away from school work into the realm of 
association activity. The interesting thing about it was that at the time 
Ted was selling us on the idea there was no association or society in exist- 
ence—it was only an idea in the minds of a few metalmen, who repre- 
sented a group of 200 which had had one meeting and had become enthu- 
siastic about the possibilities of a national organization with chapters in 
industrial centers, with a headquarters staff, with a data sheet service, a 
research laboratory and other services for the metal industry. 

Ted's request that I give up the educational field and attach myself to 
industry made a very profound impression and within a short time I was 
traveling hither and yon bringing a few interested individuals together and 
discussing the advisability of organizing a chapter of this new Society. This 
group was not requested to give a decision until after a sumptuous steak 
dinner and cigars—and in that way I always secured a unanimous decision 
to organize a chapter. Just one week later at the first meeting of the newly 
organized chapter I would present my talk, “Heat Treatment, Past, Present 
and Future”. The past dealt with the goat, the tea 'eaves and the tub plus 
the red-headed boy. The present concerned the floating potato guide, the 
north-south quench and the efficiency of the quenching water from Sheffield 
and the Mississippi, while the future told of what the young Society hoped 
to do—fine publications, chapter meetings, data sheets, etc. 

Having promised data sheets to all organized groups, I set about trying 
to do something about it. In those early days there was great secrecy about 
how as well as why certain metal treating and working operations were 
carried on and information was released reluctantly, if at all. The officers 
of the Society, while believing most strongly in the handbook-data sheet 
promise were nevertheless cautious in initiating it. 

However, I still felt the idea was workable and I kept right after each 
successive president trying to get permission for a fresh start. It was finally 
secured when I was attending the S.A.E. winter meeting in New York, and 
I was so elated I hopped the next train to Washington, D. C., and was soon 
in the office of the first vice-president of the Society, Dr. George K 
Burgess, head of the Bureau of Standards. He was sympathetic to my 
pleas and soon I was in the office of a bright, energetic, enthusiastic and 
up-and-coming young man by the name of Herbert J. French of the Metal- 
lurgy Division of the Bureau (@ president in '43), who agreed to act as 
editor of the data sheets and was to receive $5.00 for each page prepared 
(I hope there will be no Congressional investigation to find out what HJ 
did with this additional salary.) 

So we were on our way. The first batch of “Lefax” size sheets (5x3 in., 
6-point type) was distributed in September 1923 and after that they were 
mailed monthly to the members, until September 1928 when the first bound 
handbook was issued. Since '28 each and every edition has shown commend- 
able advancement and each and every edition has received more and more 
acclaim until we are all mighty goll-darn proud. Thousands of members 
have contributed time and thought to this 300,000-word $100,000 first supple- 
ment to the last edition. We all appreciate their splendid cooperation and 
thank them heartily for their splendid contribution to this 


BIBLE OF THE METALS INDUSTRY 


Cordially, 


W. H. Ersenman, Secretary 
AMERICAN SOCIETY FOR METALS 
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Solventol research has 
recently developed a 
new Series of Di-Phase 
Metal Cleaners which 
give more protection in 
both dip and spray 
cleaning operations. 
These improved clean- 
ing materials now have 
a new high flash point 
minimum of 210°F. 
plus, making possible 
the following important 
advantages: 


Much safer operation. 
Less solvent loss. 
Greater savings. 


Improved cleaning 
efficiency. 


Improved temporary 
rust protection. 


SOLVENTOL CHEMICAL PRODUCTS, INC. 
DETROIT 3, MICH. PH. TOWNSEND 8.8466 
NAME 

POSITION 

ADORESS 


city STATE 


| 
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Vor High Vrequency Furnaces. Norton MAGNonire cement has been especially 
engineered for dry ramming and for withstanding temperatures up to 3250°F, 
Also, its slight expansion on maturing eliminates shrinkage cracks which might 


lead to furnace failure. It’s the ideal prescription for lining high frequency in- 
duction furnaces handling melts of high temperature alloys. 


Other Norton refractories for high frequency furnaces include 
FUSED STABILIZED ZIRCONIA Crucibles for melting platinum and 
its alloys. They are not wetted by the metal, enabling you to 
recover 100% of the melt without destroying your crucibles, or 
to re-use the crucibles for different alloys without contamina- 
thon, 


For Crucible Type Furnaces. The cover of this tilting 
crucible furnace and its cement lining are both made of 
CRYSTOLON refractory material, engineered for the user’s 
particular needs, CRYSTOLON linings offer effective protec- 
tion against flame erosion and thermal shock, 
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For Low Frequency Furnaces. The furnace shown 
here has a special MAGNortre cement lining. 
ALUNDUM cement 1s also widely used in low fre- 
quency induction furnaces. Whatever you’re melt- 
ing, including such refractory alloys as cupro- 
nickel and nickel silver, high copper alloys and Al, 
Te and Si bronzes, one of these two Norton k’s is 
engineered to give you longer lining life — plus 
the high rammed density that resists metal pene- 
tration, erosion and chemical attack. 


For Indirect Arc Furnaces. This installation owes 
much of its high production rate to its lining of 
correctly-engineered ALUNDUM cement. More and 
more unde ries report excellent results with 
ALUNDUM and MAGNORITE crocks, covers and ce- 
ments — engineered and prescribed for their indi- 
vidual metal processing needs. Norton prescrip- 
tions will save you time, trouble and money, too! 


| 
4 j 
| 
| 
a 
| 


higher production... 
better products... lower costs 


Norton refractories are engineered 
for top performance—prescribed for 
many metal processing applications 


Norton refractory products are engineered to give 
you the best possible ’s — the most effective com- 
vyinations of physical, chemical and thermal char- 
acteristics — for your particular refractory uses. 


Norton ALUNDUM*, CRYSTOLON*, MAGNORITE* and 
FUSED STABILIZED ZIRCONIA refractory materials are 
made into shapes and cements to meet your require- 
ments. For the ’s you need to improve your process- 
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[ ng and for expert aid in any refractor y problem For Cupola Type Furnaces. For back slagging cupolas, the Norton 
} call in your Norton Refractories Engineer. And 18 CRYSTOLON slag hole blocks, as shown. For capping the notch and 
write for helpful literature to Norron Company, 325 lining the slag chute in front slagging cupolas, crysToton bricks and 
New Bond Street. Worcester 6, Mass. Canadian cement are pres ribec, I his refractory material is ¢ NZINCE red to give 

exceptionally long service life at temperatures up to 3050°P, It has 

Repre sentative: A. P. Green Fire Brick Co., Ltd., great resistance to slag penetration and chemi a attacks—and 5 to 


‘Toronto, Canada. 


NORTON 


REFRACTORIES 


15 times the resistance of ordinary fire clay to erosion and corrosion. 


Engineered... ... Prescribed 
@llaking better products. . .to make other products better 


*Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 


For Reverberatory Furnaces. for this reverberatory furnace 
is Norton CRYSTOLON refractory cement, engineered for maximum 
service life of this particular metal-melting job. 


Other Norton Prescriptions 


are helping metal processing plants to maintain sched- 
ules with minimum shut-downs. For example: 
Heat-Treating And Sintering Furnaces operate at 
higher temperatures and lower costs, thanks to a wide 
variety of ALUNDUM and CRYSTOLON refractory products. 
te 4 Hearth plates, pier brick, burner blocks, muffles, 

muftle skid rails, recuperator tubes, burner- 
tunnel and embedding cements combine high refrac- 
toriness with excellent thermal conductivity and re- 
sistance to spalling, erosion and corrosion. 


43 


aN Desulphurizing Ladles which require addition of 
sodium carbonate gain consistently longer lining-life 
when ALUNDUM cement is used. One gray iron foundry, - . hie cee 
using a 1500-lb. U-type ladle reports that 
cement lasts two to four times longer than other lin- bol : 


ings, month in and month out. 


Steel Ladles show equally successful results when lined 
with ALUNDUM cement. One plant, using it in a 1000- 
Ib. teapot ladle to handle stainless steel, stepped up 
the number of heats from 47 to 103. 


For Electric Furnaces. Furnace equipment of this type operates at 
lowest performance and maintenance costs when CRYSTOLON heating 
elements — Norton “Hot Rods” — are installed. They’re the new- 
est Norton kk, engineered and prescribed for electric furnaces. They 
can be used to replace your present rods — and have proved their 
ability to deliver two to four times longer service life. Ask for our 
special booklet on CRYSTOLON “Hot Rods” for all applications. 
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G-E Furnaces for Low-cost, High-quality Heat-treating 


A complete line of G-E furnaces provide precision 
heat-treating for a wide variety of industrial applica- 
tions. These units reduce subsequent cleaning oper- 
ations, greatly reduce inspection and rejects. 


Features 


Charges are heat-treated uniformly at exact, con- 
trollable temperatures. G-E atmosphere producers 
prevent decarburization or scale formation. Carefully 
designed cooling and quenching facilities enable uni- 
form cooling of every part at the desired rate. In 
many cases, the complete cooling cycle is entirely 


automatic, eliminating all uncertainty of the human 
element. Less maintenance is required with rugged 
heating units and_= sturdy 
throughout. 


furnace construction 


Service Facilities 


All furnaces are installed and tested under close 
supervision of skilled G-E heating engineers. G-E 
Service Shops near every industrial center are avail- 
able day and night for repairing, reconditioning, or 
modernizing all furnace equipments. 


Types of Furnaces and Bulletins Available 


GEA-1752 
..Write for details 
.. Write for details 
.. Write for details 

GEA-785 
. Write for details 


Bell, cylindrical (1200 F max) 

Bell, cylindrical (1400 F max). 

Bell, rectangular 

Belt conveyor 

Box, air-drawn 

Box, air recirculation 

Box, with protective atmosphere 
(2000 F max) 

Box, with protective atmosphere 
(2500 F max) GEC-982 

Box, without protective atmosphere Write for details 

Box, with cooling chamber (2100 F max). ..GEA-4066 

Box, with cooling chamber (3100 F max). ..GEA-4713 

Box, porcelain enameling 

Car-bottom 

Catenary 

Continuous, porcelain-enameling 

Cylindrical, pit air-draw with fan 
(1250 F max) 

Cylindrical, pit with fan (1750 F max 

Cylindrical, pit without fan 

Elevator 

Galvanizing 

Mesh-belt conveyor 


GEA-3596 


Write for details 
Write for details 


Write for details 
GEA-4071 


Rectangular pit 
Roller-hearth 

Rotary-hearth 

Salt-bath (1100 F max) 
Tempering baths (oil or salt) for details 
for details 
for details 
for details 


Atmosphere Equipment 


Thermalene* producer 

Ammonia dissociator 

Atmosphere gas converter 

Dryer (activated alumina) Write for details 
Neutralene* producer (CO, free and dry gas) .GEA-4707 
Refrigerated gas cooler 


Sulphur remover GEA-4923 


Control Equipment 


ON and OFF control 
Reactrol* control 


Write for details 
GEC-1243 


* Registered trade-mark of General Electric Company. 
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G-E Induction Heaters Improve Product Quality, Reduce 
Over-all Costs, Increase Production 


Most modern production layouts 
call for equipment that fits into 
straight-line production operations. 
Space-saving induction heaters are 
easy to install at any point in the 
production line where they will 
provide automatically controlled 
heat exactly where it is needed. 
Each part is heated rapidly, result- 
ing in uninterrupted production 
with a minimum of operator train- 
ing. Work-in-process, kept at high 
levels by batch-type heating, is 
minimized. Warm-up periods and 
waste heat are eliminated. These 
are only a few of the factors which 
make versatile, induction heating 


equipment a valuable production 
tool for today’s manufacturing. 


Electronic-type Induction 
Heaters 


These units are used for annealing, 
soldering, brazing, surface harden- 
ing, and many miscellaneous ap- 
plications — particularly when se- 
lective heating is desired. This type 
of heater is available in output rat- 
ings of 5, 10, 20, and 50 kw at 530 
kilocycles with a complete line of 
accessories. Special heating ma- 
chines or fixtures can be designed 
and built to individual require- 
ments. 


Motor-generator-type 
Induction-heating Equipments 


These are available in ratings from 
50 to 1250 kw with nominal fre- 
quencies of 1000, 3000, and 10,000 
cycles. Applications are similar to 
those for electronic-type induction 
heaters, but usually the motor- 
generator-type equipments are 
used for larger parts. Complete 
equipments consist of a motor- 
generator set, motor control, gen- 
erator control, capacitors, and com- 
plete accessories. Special heating 
machines or fixtures can be de- 
signed and built to individual re- 
quirements. 


Bulletins on Induction-heating Equipment 


Forging with induction heat 

Furnace and induction brazing 
Induction heating in industry 
Equipment for induction heating 
5-kw electronic-type induction heater 


GEA-5983 


20-kw electronic-type induction heater. . 
50-kw electronic-type induction heater 


. GEC-1250 
. GEC-921 


Water economizing and tempering unit for 


electronic-type induction heaters...... 
Generator control panels for induction heating. 


GEC-922 
GEA-4989 


To obtain any of the bulletins listed on these pages, or for further information, contact your ee G-E Apparatus Sales Office, or write to 
Y. 


Section 640-389, General Electric Company, Schenectady 5, 


Progress /s Our Most Important Product 
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T LEBANON there are electric furnaces capable 
A of melting up to 8500 pounds—induetion fur- 
naces with 2000-pound maximum capacities. Here, 
too, special Swiss* molding and production processes 
are combined with the finest in American methods 
and procedures. The CENTRI-DIE* process for making 


centrifugal castings in permanent molds—a_ process 


These are the 


if working with the 


to make your 


introduced in this country by Lebanon— provides 
the highest quality castings for difficult’ corrosion 
and heat resisting services. Pattern-making, core- 
making, heat-treating, finishing and cleaning com- 
plete the picture of equipment that produces Lebanon 
CIRCLE “© castings. 


But equipment is not the whole story. Lebanon 


CARBON, SPECIAL ALLOY AND STAINLESS STEEL CASTINGS 


STEEL FOUNDRY eennsvivania 
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right men 


right equipment 


foundrymen add immeasurably to the high quality 
of cireLe © engineered products. These workers are 
craftsmen in every sense of the word, men trained 
and highly skilled, men dedicated to doing all they 


can to make your castings right. 


If the pietures on these pages could talk they'd 


say, “Here's where equipment and craftsmen make 


Lebanon circLe © castings to a high standard—not 
to a price!” We believe sincerely that there is no 
economy in buying just by price... it is far better 
to buy the best product at a reasonable cost, 

LEBANON STEEL FOUNDRY « LEBANON, PA. 
*Special processes acquired from George Fischer, Lid., of Switzerland 


Lebanon Steel Foundry was also the original heensee for the centrifugal casting 
process developed by Firth-Vickers Stainless Steels, Lad., Sheffield, England. 


Lebanon Steel Foundry 
62 Lehman St., Lebanon, Pa. 


Please send me one of your new Lebanon Slide Charts. 


Get your Lebanon 
Slide Chart now... 


This handy slide chart gives you 
the nominal analyses, various 
designations, minimum mechan- 
ical properties and heat treat- 
ment for 19 Lebanon carbon and 
low alloy grades and 17 stain- 
less and corrosion-resistant 
grades. Send coupon today... 
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The Big Trend in Metalworking... 


MOVE the meta 


cheaper than 


HOW NEW METHODS 
SAVE BIG SUMS 


Metalworking piants casting 
about for ways to reduce production costs 


. are turning more and more to the newer 
Parts are produced primarily 


‘ by forcing metal into the de- methods of forging, drawing and extruding 

sired shape rather than by “re- 
Pda ning. in which metal is being “pushed around 

moving or machining it. It 1s 

far faster... saves tremendously rather than ‘removed.’ These processes basic- 


in ume and labor ally are the hot extrusion of alloy steel, cold 


» The amount of metal in the “pressure” forging of aluminum, cold extru- 
sion of steel, and high pressure closed die 

etc., is only slightly more than the 


total amount in the finished piece. extruding of aluminum and other non-fer- 


hus scrap and machining are rous alloys. Also falling within this category 
held to an absolute minimum 


. 


; Reap die extruding Cold steel Hot alloy steel extrusion Metal powder parts 
of heated aluminum reduced extrusion reduced is now an are often produced with no 
production time 99%. scrap 43% established art machining 
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® New and improved 


production techniques 


save millions... arouse 
widespread interest 


Actual parts production is cut from hours in typical 
cases to minutes or even seconds. 


Pieces generally have superior finish and improved 
physicals including grain structure. 
Tolerances and uniformity equal or better those 


of older methods. 


Scrap is greatly reduced and in many cases 
practically eliminated. 


=) Unit costs go way down. 


are somewhat older though greatly changed 
and improved methods for the extrusion of 
aluminum, hot forging of ferrous metals, pow- 
der metallurgy, deep drawing of sheet and 
die casting. The most recent developments 
involve variations and combinations of the 
above applied to many products and mate- 
rials. Our engineers are in close daily contact 
with these developments. They'll be glad to 
help apply any of them to your production. 


Call or write us. 


HYDRAULIC. 


PRESSES 


LAKE ERIE ENGINEERING CORP 
General Offices and Plant 
620A Woodward Avenue, Buffalo 17, N. Y. 
District Offices in New York « Chicago « Detroit + Pittsburgh 
Representatives in Other U.S. Cities and Foreign Countries 


HYDRAULIC PRESSES ¢ DIE CASTING MACHINES 
ROLLING MILL AUXILIARY EQUIPMENT 


New developments in steel Non-ferrous extrusion instal- 
forging have greatly expanded lations now embrace titanium 
its application magnesium and newer metals 


PACKAGED 
INSTALLATIONS 


A new service by Lake Erie which en- 
ables you to order an integrated installation 
including production equipment, tooling 
auxiliary equipment and advisory service 
.from a single source thereby saving time, 
money and trouble. 


Production rates of die cast 
aluminum and zinc parts have 
been upped 20% to 30% LAKE FRU 
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Delivering industrial ‘‘breath’’—Oxygen supply and 
servicing is as important as its unit price and purity. 
Airco customers get a dependable, flexible supply 
service from a network of 70 producing plants situated 
strategically throughout the country. Delivery, by 
bulk truck (far right), in cylinders, or by direct pipe- 
line is quick and dependable. Right: valve opening 
ceremony last year at the new Airco liquid oxygen 
plant, Butler, Pa. These pipelines deliver oxygen to 
Armco Steel and Pullman Standard steel plants. 


New welding process speeds production — Among 
industry’s newest production tools is the Aircomatic® 
process. The method greatly increases the speed with 
which good welds can be made in a wide variety of 
metals and alloys, including “problem” materials like 
aluminum and stainless steel. This photograph shows 
the inert-gas-shielded metal arc of an automatic Airco- 
matic head welding truck-trailer dolly wheels from 
press-stamped SAE 1020 steel at Youngstown Steel 
Car Corp., Niles, Ohio. Oxygen plays an important 
part here as an additive to the shielding gas. WW 


. 


a 

Most dramatic use of oxygen — Flame cutting is perhaps the 
most spectacular industrial application of oxygen...as useful 
as it is striking. The oxygen-acetylene flame used generates 
6300°F-heat. This temperature permits cutting metal thick- 
nesses ranging from sheet to heavy ingots. Here, an operator 
at Brown-Wales Co., New England steel warehousing firm, 
cuts steel plate with an Oxygraph equipped with Electronic 
Tracer, one of the Airco precision machines that has brought 
flame cutting to a peak of usefulness. 


‘pra 
\ 
. 
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| 
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Airco Oxygen Tent for Industry 


The vital importance of oxygen to industry is rela- 
tively new. Forty years ago, the market for oxygen 
in cutting and welding and allied uses was virtually 
nonexistent. The rapid growth of industrial oxygen 
consumption has been nourished by three conditions: 
an expanding economy, the wider use of any effective 


product in healthy conditions of economic expansion, 
and the development of new and improved tools and 
techniques whose effectiveness depends on oxygen. 
For details of these and other applications of Airco 
products, write for a sample copy of the magazine, 
“Airco in the News.” 


Oxygen in the glass industry — Insatiable demand for 
light bulbs, electronic tubes, and similar glass components 
has brought modern mass production methods to the old 
art of the glass blower. This “sealing-in” machine at Syl- 
vania Electric Products, Inc. seals bulbs and mounts into 
150-watt inside frosted incandescent lamps at a 1500-per- 
hour rate. A mixture of oxygen-enriched air and natural 
gas provides the right flame shape and temperature in the 
jets that soften the throats of the bulbs prior to sealing. 


Needling steel for production economy —Oxygen has replaced 
iron ore as an oxidizing agent in most steel mills with electric 
furnaces. Here at Mid-Continent Steel Castings, Shreveport, La., 
a long pipe injects the oxygen directly into the molten steel. Ad- 
vantages of this Airco-pioneered process are savings in time, 
power, furnace electrodes and valuable alloy elements. Other 
oxygen applications include flame cutting of heavy scrap, scarf- 
ing, flame cleaning, oxyacetylene welding, dehydrating, hard- 
facing, and gas hot topping of ingots. 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND 


Air REDUCTION 


60 East 42nd Street * New York 17, N. Y. 


Air Reduction Sales Co. * Air Reduction Magnolia Co. * Air Reduction Pacific Co. 
Represented Internationally by Airco Company International 
Divisions of Air Reduction Company, Incorporated 


OFFICES AND DEALERS IN MOST PRINCIPAL CITIES 
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PaRIAMAWYATT Low Frequency Induction Fur- 
Tisees Ore made in a wide range of sizes, from 20 to 1000 
KW, to meet demand for large volume or small special 
lots. They are adapted to the full range of non-ferrous 

| metals and alloys. Their use insures faster production, 
uniform quality, less maintenance and lower operating cost. 


SOME APPLICATIONS 


Die Castings 

Sand Castings 

Permanent Mold Castings 

Scrap Recovery 

Billets for Rolling and Extrusion 
Galvanizing and Aluminizing of Stee! 
Continuous Casting of Metals 


Rejects are reduced. For special applications, an: 
Automatic Electromagnetic Pump allows continuous feed- 
ing of molton metal into the molds as they move past. 
Hand ladling is eliminated. Temperature is also auto- 
matically controlled and there is no chance of overheating 
the bath at any time during the melting cycle. 


WRITE FOR FURTHER INFORMATION 


AJAX ENGINEERING CORP., TRENTON 7, W. J. 


MELTING FURNACE 


AJAX ELECTRO METALLURGICAL 
AJAX ELECTRO 


qty 


AJAX ELECTRIC CO., INC., | Bectne 
he" en Set Barn 
AJAX ELECTRIC FURNACE Corp. for Metting 
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ALCOA 


ALCOA SECTION 
Page | of 4 Pages — 


Design facts 


about ALCOA 


you should know 


Aluminum 


Forgings 


Improved equipment and production 


techniques mean aluminum forgings now 


compete with other metals and 
fabricating processes 


View of 15,000-ton hydraulic forging press 
operated by Alcoa’s Cleveland Works. 


Not only has this press contributed 


to research on still heavier presses, it has 
permitted significant design improvements by 
way of reducing “small pieces’ construction. 


In the period between 1946 and 1949, production 
of aluminum forgings increased over 100 per cent 
at Alcoa alone. With the addition of the large 
15,000-ton hydraulic press in the Cleveland Works, 
along with other equipment since put into opera- 
tion, production has increased still further. These 
improved facilities mean higher output of better 
quality aluminum forgings at a cost that makes 
them competitive with other metals and other 
fabricating processes. 

What about the future? We suspect you have 
already heard of the giant 35,000 and 50,000-ton 
presses now being constructed for our Cleveland 
Works 


and are aware of the tremendous new design 


expected to be in operation this year 


possibilities facilities such as these will provide. 

Parts will be still bigger, will have thinner web 
sections, less draft, closer tolerances, better dimen- 
sional stability, to say nothing of being more 
complicated. 

What's more, an ever-increasing share of the 
aluminum forging output from now on will be 
commercial, not military. In short, automotive, 
electrical appliance, tool, and engine designers, in 
fact, designers in all of industry—taking hints 
from the military —are turning to aluminum forg- 
ings for better, stronger, lighter, yet lower cost 
parts. 


A glance through the next few pages will show 
you reasons why. 
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These 
people 
use 
ALCOA 
Aluminum 
Forgines 


FORGED WHEELS — Weighing 48 pounds, 40 less 
than its steel counterpart, this Alcoa Forged 
Aluminum Dise Wheel for trucks and buses is 
proving its superiority by reducing unsprung 
weight, allowing larger payloads. Machined from 
an aluminum forging, these wheels literally are 
rounder which means less vibration, less main- 
tenance. 


co 
@ ALCOA SECTION 
Page 2 of 4 Pages 


Aluminum forgings possess all the inherent character- 
istics of aluminum, such as light weight, corrosion resist- 
ance, and good machinability; and combine with these 
advantages great strength, comparable to that of 
structural steel. 

The result: high strength-weight ratios—excellent 
for such applications as aircraft, truck and bus where 
range, speed and payload depend on light body weight, 
yet sufficient strength to support that load. 

Weighing about one-third less than structural steel, 
aluminum forgings help reduce operator fatigue when 
they are used in parts frequently carried, lifted or 
handled. Hand power tools are a good example. With 
their lower elastic modulus, aluminum forgings have 
several times the impact-absorbing capacity of mild steel. 

Other features make aluminum forgings stand out. 
For example, they are easily machined, often at speeds 
of 1000 fpm. But, their smooth, bright surfaces often 
make subsequent machining unnecessary. What’s more, 
inspection costs are less. Part dimensions are uniform, 
keeping scrap loss to a minimum. 


CUTTER DISK—An Alcoa Forged Cutter Disk to be 
used on a concrete surfacing machine. Because of their 
great strength, Alcoa Forgings are perfect for highly 
stressed moving parts. Further, their light weight means 
less driving horsepower. Sturdy, these forgings can 
stand severe abuse in emergencies, provide dependable 
service under normal load, all with less maintenance. 


CONNECTING RODS ~— Forged aluminum connect- 
ing rods not only are strong, but, being light, more of 
the horsepower developed by the engine can be directed 
toward driving the outside load rather than the en- 
gine’s own parts. Alcoa Forged Pistons are in use today 
in diesel engines driving trucks, buses and railroad 
locomotives. 


| 
| 
| 
; 
| 
| 
| 
. 


Alloy selection 


It is possible to produce aluminum forgings with tensile 
strengths varying between 15,000 and 75,000 psi, de- 
pending, of course, on the alloy selected. But you can 
save money by utilizing that alloy which most nearly 
matches your strength requirements. Too, each alloy 
has certain other characteristics that may actually 
be more significant than strength. 

For example, alloy 2S, commercially pure aluminum, 
has high electrical conductivity and good corrosion re- 
sistance; and, because of its shiny appearance, is often 
used for decorative effects. Or 14S, the general-pur- 


what about 
cost? 


Cost of the piece as it comes from the forging press is 
only half of the aluminum forging cost story. To keep this 
half low, Alcoa is constantly adding new equipment 
and improving the old. For example, the largest 
facilities in the world for sinking aluminum dies will 
soon be in operation at the Cleveland Works. 
And, a new machine for roll forming aluminum rings 
in sizes up to 40 inches O.D. and 20 inches wide has been 
added. The ring roller, as it is called, is capable of 
turning out rings to closer tolerances, with better 
surface finishes than any previous methods. Then, of 
course, there’s the 15,000-ton press. These new 
facilities spell more faithful reproduction of 
design, fewer rejections, faster inspection, 
hence, lower as-forged costs. 

The other half of the cost picture concerns cost per 
finished piece. As forgings, shapes can be made 
more complete when they come from the press. The 
result: design can be greatly simplified, 
improving quality, and keeping subsequent machining, 
assembling, and finishing operations to a minimum. 

So, if you have hesitated to make your product 
as an aluminum forging because of cost, 
take another, longer look . . . today. 


ALCOA SECTION 
- Page 3 of 4 Pages 


pose forging alloy, also has good corrosion resistance 
coupled with high strength and excellent machinability. 
Alloy 32S, with its low coefficient of thermal expansion, 
is highly suitable for diesel engine pistons. Alloy 61S 
has very good welding and brazing qualities, plus high 
resistance to corrosion. 

But, where very high strength is called for, such as 
in aircraft or structural installations, alloy 75S is fre- 
quently used. Or 76S, with its excellent fatigue strength 
and high degree of hardness, is perfect for highly stressed 
parts, such as propellers. 


New ring roller now in production at Alcoa’s Cleveland 
Works. This machine is capable of producing rings 
up to 40 inches O.D. and 20 inches wide 
with closer tolerances, better surface finish, 
and at lower cost than previous methods, 
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Want more information ? 


If you would like to know more about what we at Alcoa 
have found out about this business of forging aluminum, 
we'd be glad to send you a cloth-bound book, Designing 
for Alcoa Forgings, that is sure to answer many of 
your questions. 

Write on your company letterhead, telling us your 
job function, to ALUMINUM COMPANY OF AMERICA, 
1989-F Alcoa Building, Pittsburgh 19, Pennsylvania. 

In this book, you'll find detailed facts on why you 
should keep radii full and fillets generous—why it’s 
important not to blend radii unless it’s absolutely 
essential—how sharp corners can cause the diesinker 
troubles, possibly lessen die life. 

‘Too, the book goes into great detail on draft angles 

for most shapes, 7° is standard, but this can vary 
downward according to the size and shape of the part 
as well as the alloy employed. A whole section is 
devoted to web and rib thickness, their design and 


will be more than JO00 feet high over the press bay, will cover 


relationship to cost. For example, for thin webs, 
dimensional tolerances are hard to maintain because 
the web cools more quickly and shrinks faster than 
other parts of the forging. 

It tells how, by taking advantage of metal flow, 
maximum mechanical properties can be obtained at 
critically stressed sections. Further, the parting line is 
discussed in relation to part design, cost and quality. 

All these facts and others not mentioned are im- 
portant to you. Write for your book soon. And, if you 
have some question you’d like to discuss now, there’s 
an Alcoa sales engineer near you. His office is listed 
under “Aluminum” in your classified telephone di- 
rectory. Don’t hesitate to call him-— 
and knowledge freely. 


to use his time 


about 12 acres of land—more area than six full-sized football fields. 


| 
ALCOA 
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DESIGNING 
} 
‘ ALCOA FORGINGS 
< 
- Scale models of the 35,000 and 50,000-ton presses expected to be in 
ih operation sometime this year. Building that will house the two presses ) 


PRECISION GROUND 
OIL HARDENING NON-WARPING TOOL STEEL 


FLATS AND SQUARES 


WARPLIS GROUND FLAT STOCK 


Each gleaming piece is solid, usable steel, free of decarb, accurately 

dimensioned, corners square, sides flat and parallel . . . all ready 

for the layout bench—no costly time out for “‘get-ready.”’ 
Over 200 standard stock sizes ranging from 14" to 4” 

square, and from le’ to 144” thick by widths up 

to 12” ... in handy 18” pieces, each marked 

with size and brand— each in its own wrapper 

bearing identification, analysis and heat 

treatment. Special sizes and lengths 

made to order. 


ROUNDS 


Centerless ground and polished . . . free of 
decarb . . . distinguished for accuracy, uniformity, 
straightness and superb finish. 
Excellent hardness and toughness can be achieved with- 
out appreciable warpage or dimensional change. Nearly 200 
standard stock sizes ranging from '@”’ to 2” round, in 36” 
lengths. Larger and smaller and in-between sizes, and special lengths, 
made to order. 


Warplis analysis: Carbon -90 
Manganese 1.10 
Chromium .50 Preferred for ease of working... 
Tungsten -50 for safe hardening... for 
Vanadium -15 fine performance. 


Procedures may be simplified . . . time and money saved . . . by standardizing 
on these rag products of Tiffany-like quality for all tool and die 
requirements. From fine steel distributors everywhere. Size and price folders, 


and Warplis Notes on Hardening pamphlet, on request. 


Also Monaca and Dukane water hardening drill rods Reliance water hardening flat and square drill rods 
High Speed drill rods 


PITTSBURGH TOOL STEEL WIRE CO. 


Since 1902... makers of cold finished fine steels in all sizes, grades and shapes 


MONACA, PA. 
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Here you can get them. Here men know how to work with metals. 
How to cut, shape, weld, heat-treat and machine the most 
complex assemblies. They have learned by producing thousands 
of varied weldments for machinery builders and other industrial 
users .. . by building rolling mills and special machinery bearing 
the Continental name . . . by wartime production of welded tank 
components and armor. They have tools—the steel fabricating 
bay is shown—to cut costs. They work under scientific quality 
control—from production of needed castings to finished assembly. 
Call in a Continental engineer to help you find better, more 
economical weldments for your production needs. 


COMPLETE ROLLING MILLS + ROLLS + STEEL CASTINGS 
WELDMENTS + BOILER CONTROLS AND CLEANING 


Plants at 
East Chicago, Ind. Wheeling, W.Va. Pittsburgh, Pa. 
Copes-Vulcan Division: Erie, Pa. 


for new brochure W 
on Continental Weld- 
ment facilities. 


CONTINENTAL 
€ 


CHICAGO + PITTSBURGH 


WELDMENT FACILITIES TO SERVE ALL INDUSTRIES | 
| 
( Better, More Economical Weld ? 
looking for - More Economica ments 
== | 
- 
ite 
pee | 
‘ther: 
| | 
_ 
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HEAT TREATING! 


Note these typical advantages 


AJAX ELECTRIC COMPANY 
910 Frankford Avenue, Philadelphia 23, Pa. 
Associate companies: Ajax Electric Furnace Corp., 
Ajax Engineering Corp., Ajax Electrothermic Corp. 


World's largest manufacturer of electric heat-treating furnaces exclusively 
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Riehle’s 5 scale ranges 


& SCALE RARIGES at the turn of a knob. 


make test reading more accurate . . 


There’s no chance for mis-reading when you're using a Richle 
Pendomatic Universal Testing Machine. 


On beginning a test, the operator sets Riehle’s selector knob to the 
logical scale range. Automatically the corresponding pound load 
figures appear on the indicator dial. Riehle’s 5-range system allows 
most exact interpolation by providing the fewest number of pounds 
per dial division. For example, when using range 5 on a 10,000 
pound Riehle Pendomatic Universal, each division represents only 
1 pound. This feature assures greater accuracy in reading. Also it 
lessens the chance for error if the operator happens to read the dial 
from a slight angle. 
This 5 scale range dial is a standard feature at no extra cost, on all 
Riehle Pendomatic Universal Testing Machines. 

Accurate to 1/,%, a Riehle Tester is mechanically simple, rugged 
and foolproof. 
Riehle Universal Testing Machines are built with hydraulic or screw 
power loading unit. Each type is available in capacities up through 
400,000 pounds. Use handy coupon to request catalogs. 

Low loading table and gripping head 

make it easy to place specimens in 

a Riehle Universal Testing Machine. 

Its streamlined design enhances the 


of modern testing *RIEHLE TESTING MACHINES 


® Division of American Machine and Metals, Inc. 
© Dept. MPH-654, East Moline, Iilinois 

*o Please send catalogs on Riehle Testers 

eC) Send name of Riehle representative 


COMPANY 


ADORESS 
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MANUFAC 


301. Agitator 
Information on new agitator. Koppers 


302. Alloy Castings 

Data folders on two types of alloy steel 
castings. Composition, properties, harden- 
ability bands, uses. Unitcast 


303. Alloy Steel 

Data book on the selection of the proper 
alloy steel grades for each manufacturer's 
needs. Wheelock, Lovejoy 


304. Alloy Steel 

32-page book on abrasion resisting steel. 
Properties, fabricating characteristics, 
uses. U. S. Stee 


305. Alloy Steel 

16-page book on type 9115 low-alloy 
high-strength steel. Properties, fabrica- 
tion, welding. Great Lakes Steel 


306. Alloy Steel 

40-page book on applications of heat 
treated, special alloy steel. Jones & 
Laughlin 


307. Aluminum 

12-page booklet on extruded shapes, 
tube and pipe, coiled sheet, yo and 
properties of aluminum alloys. Revere 


308. Aluminum Alloys 

36-page book on analysis of aluminum, 
brass, bronze alloy specifications. Sonken- 
Galamba 


309. Aluminum Cleaning 

48-page booklet gives practical tips on 
materials and methods of cleaning alu- 
minum and magnesium. Oakite 


310. Aluminum Forgings 
168-page book covering relation of forg- 
ing design to die sinking and to the man- 
ufacturing process. Section on metallurgy 
gives commercial alloy compositions, 
properties and tolerances. Alcoa 


311. Aluminum Melting 
Folder on electric furnaces for the alu- 
minum alloy foundry. Ajax Engineering 


312. Aluminum Strip 

20-page booklet on how it is made, 
sizes and weights of coils. Technical data 
on aluminum alloys used. Scovill 


313. Analysis of Nickel Alloys 

52-page Technical Bulletin T-36, “Meth- 
ods tor Chemical Analysis of Nickel and 
High-Nickel Alloys”. International Nickel 


314. Architectural Aluminum 

16-page booklet on aluminum products 
for architectural use, aluminum structural 
shapes, embossed finishes on aluminum. 
Reynolds Metals 


315. Atmosphere Equipment 
Bulletin GEA-2948 on ammonia disso- 
ciator. General Electric 


316. Atmosphere Furnace 
Bulletin on controlled atmosphere fur- 
nace. Industrial Heating Equipment 


317. Atmosphere Furnaces 

Information on mechanized batch-type 
atmosphere furnaces for gas cyaniding, 
as carburizing, clean hardening or car- 
Ge restoration. Dow Furnace 


318. Atmospheres 


Bulletin 1-10 supplies technical infor- 


TURER 
| 


LITERATURE 


mation on inert generators and data 
on costs. C. M. Kemp Mfg. 


319. Atmospheres 

12-page booklet on —_ = and use of 
special atmospheres for industrial fur- 
naces. Continental Industrial Engineers 


320. Atmospheres 

Bulletin 439 on exothermic atmosphere 
generators for converting natural gas, 
manufactured gas, propane or butane. 
W. S. Rockwell 


321. Barrel Finishing 

Bulletin LCC-53-1 on compounds for 
barrel finishing, descaling, deburring, fin- 
ishing, coloring and burnishing. Lord 
Chemical Corp. 


322. Beryllium Additive 
4-page leaflet on aluminum and mag- 

nesium-base master alloys for making 

beryllium additions. Beryllium Corp. 


323. Beryllium Nickel 

4-page leaflet on high-strength, corro- 
sion-resistant beryllium nickel casting 
alloys. Beryllium Corp. 


324. Bimetal 
36-page booklet, “Successful Applica- 
tions of Thermostatic Bimetal”, describes 
= iy and gives engineering data. W. M. 
ce 


325. Blackening Copper 

Bulletin of operating instructions for 
blackening and coloring copper and cop- 
per alloys. Enthone 


326. Brass 

80-page book on properties and uses of 
brass forgings. sand castings, rods and 
machinings. Mueller Brass 


327. Brass Tubing 

Bulletin on seamless, brazed and lock- 
seam tubing in brass and copper. H & H 
Tube and Mfg. 


328. Brazed Tubing 
12-page data book on brazed tubing 
made from copper coated steel. Bundy 


329. Brazing 

24-page Bulletin 20 on advantages of 
Easy-Flo silver brazing alloy with infor- 
mation about joint design and fast pre- 
duction methods. Handy & Harman 


330. Brazing Aluminum 
12-page bulletin, ADR 45, on how to 

torch braze aluminum and strength of 

joints so brazed. Air Reduction Sales 


331. Brazing 


48-page manual on all aspects of silver 
brazing applications and problems. Amer- 
ican Platinum Works 


332. Bright Dip Coating 

Data on cold bright dip coatings for 
zinc. Procedures, solution concentrations, 
analysis and control. Chemical Corp. 


333. Bronze Castings 


Bulletin on special sand and centrifugal 
castings. American Non-Gran 
ronze 


334. Buffing Compounds 
Bulletin B-7 lists various compounds 
and gives applications. Apothecaries Hall 


335. Burners 
Bulletins 221 and 225 on dual-fuel burn- 
ers—oil and gas. North American Mfg. 


336. Carbide Coatings 

12-page Bulletin 8065, “Flame Plating”, 
on method of applying tungsten carbide 
coatings. Comparative wear test data. Ap- 
plications. Linde 


337. Carbides 
84-page catalog of sintered carbides, 
hot pressed carbides, cutting tools, draw- 
- dies, wear resistant parts. Metal Car- 
ides 


338. Carbon Brick 

Bulletin on properties, grades, applica- 
tions of carbon and graphite brick for 
handling corrosive chemicals and molten 
metals. National Carbon 


339. Carbon Control 

Technical report on instrument for con- 
trol of carbon —y— of furnace at- 
mospheres. Lindberg Eng’g 


340. Carburizing 

Data folder on Aerocarb E and W 
water-soluble compounds for liquid car- 
burizing. Case depth vs. time curves. Per 
cent carbon and nitrogen penetration 
curves. American Cyanamid 


341. Carburizing 


Bulletin on carburizers for pack car- 
burizing. Park Chemical 


342. Carburizing 

16-page booklet on _  gas-carburizin 
processes and equipment. Discussion o 
suspended carburization, carbon restora- 
tion. Surface Combustion 


343. Casehardening 
32-page booklet on casehardening of 
steel by nitriding. Armour Ammonia Div. 


344, Castings 

32-page brochure on manufacture of 
steel castings from desi and pattern 
making to applications. Lebanon 


345. Castings, Aluminum 

142-page book on casting alloys, de- 
sign of castings, foundry practice and 
heat treatment. Alcoa 


346. Castings, Bronze 
16-page booklet on sand and centrifugal 
castings. American Non-Gran Bronze 


347. Cemented Carbides 

16-page bulletin gives mechanical and 
physical properties of carbides for tools 
and high-temperatures. Kennametal 


348. Centrifugal Castings 

Bulletin on centrifugal castings of 
meehanite, ni-resist and iron al- 
loys. Shenango-Penn Mol 


349. Chromate Coatings 

Folder gives characteristics and uses of 
chromate conversion coatings on nonfer- 
rous metals. Allied Researc 


350. Chromium Plating 
Booklets on how to chromium plate and 
anodes for the process. United Chromium 


351. Clad Metals 


2A-page booklet on principles of bond- 
ing, characteristics of clad metals, meth- 
of cladding, uses. Superior Steel 


352. Cleaners 

Folder on immersion, electrolytic, spray 
cleaners, phosphate coaters, strippers, 
drawing compounds, additive agents. 
Northwest Chemical 


353. Cleaners 
Bulletins on di-phase cleaners, specifi- 
cations, equipment, advantages. Solventol 


354. Cleaners 

Data folder on silicated and nonsilicat- 
ed cleaners, alkaline and solvent emulsi- 
fiers, strippers. Cowles 


355. Cleaners 
Bulletin on alkaline metal cleaners and 
solvent degreasers. Park Chemical 
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WORD OF MOUTH? 


It gives you the answer sometimes, but not many of 
your friends have the same cutting oil requirements and 
the same problems that you have. It’s much surer to 
depend on specialists like Sun. 


ELABORATE SHOP TEST? 


This will probably give you the answer. But it’s expen- 
sive and interferes with production when you try to 
test all the oils available. Sun’s experience can help 
keep your shop-testing to a minimum. 


LABORATORY ANALYSIS? 


Sure. But there’s no formula for correlating the labora- 
tory analysis with how well the cutting oil will work on 
your job. It takes years of field experience like Sun’s 
to help you make the right choice. 


EXPERIENCE IS THE ANSWER. 


And Sun has it. Its field representatives have probably 
come across problems similar to yours many times. If 
they haven't, its cutting oil specialists and metallurgical 
technicians are ready to help with your problem. 


Soluble or straight, transparent or black, light or heavy duty — Sun makes the kind of 
cutting oil you need to handle your job at the lowest cost. For more information, call 
your nearest Sun office or write Sun Om Company, Philadelphia 3, Pa., Dept.MP-6. 


INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPANY 
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PHILADELPHIA 3, PA. «+ SUN OIL COMPANY LTD., TORONTO & MONTREAL 
Refiners of famous High-Test Blue Sunoco Gasoline 
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356. Cleaning 

32-page booklet on alkaline, solvent, 
emulsion, acid phosphate cleaning. E. F. 
Houghton 


357. Cleaning and Finishing 
33 data sheets on cleaners, plating 

chemicals, strippers, phosphate coatings, 

black oxide salts, polishers. MacDermid 


358. Coating 

16-page bulletin on No. 2 electrostatic 
spray process of painting. Examples of 
use, control. Ransburg Electro-Coating 


359. Coating 

6-page bulletin on use of colloidal 
graphite for surface coatings and impreg- 
nation. Acheson Colloids 


360. Cold Finished Steel 

16-page booklet on 10 grades of cold 
finished steels. Analysis, machinability, 
heat treatment, wear resistance. Jones & 
Laughlin. 


361. Color-Coded Records 

Bulletin 427 describes instrument that 
records up to six temperatures on a single 
circular chart, each record in a different 
color. Foxboro 


362. Combustion Control 
20-page booklet on combustion of 
various fuels and portable instrument to 
measure content of oxygen and com- 
bustibles. Cities Service Oil 


363. Combustion Equipment 

Catalog 52 gives condensed pictorial 
review of oil and gas combustion equip- 
ment for production applications. 80 illus- 
trations. Hauck Mfg. 


364. Compressors 

12-page bulletin 126-A on application of 
turbo-compressors to oil and gas-fired 
equipment used in heat treating. agita- 
tion, cooling, aving, Performance curves, 
capacities. Spencer Turbine 


365. Compressors 

12-page data book 107-D gives engineer- 
ing information on characteristics of 
turbo-compressors. 18 types of application 
described. Spencer Turbine 


366. Continuous Cast Bronze 

12-page bulletin on properties and uses 
of continuous cast bronze rod and tube. 
American Smelting & Refining 


367. Controlled Atmospheres 

Bulletin on Dewpointer for reading of 
atmosphere in field and laboratory. Read- 
ily portable, operating on a.c. or enclosed 
battery. Illinois Testing Labs. 


368. Controlled Atmospheres 

24-page bulletin describes production 
problems with reference to dry atmos- 
pheres. Pittsburgh Lectrodryer 


369. Controllers 

48-page bulletin P 1260 on pyrometers, 
thermometers, control valves for furnaces, 
ovens, dryers. Bristol 


370. Controllers 

Data sheets on indicating pyrometric 
controllers, proportioning controllers, 
portable controllers, pyrometer accesso- 
ries. West Instrument 


371. Conveyor Furnace 

Bulletin on electric furnace for contin- 
uous brazing. sintering, annealing, solder- 
ing. Harper Electric Furnace 


372. Coolant Filter 


4-page bulletin on filter for slow coolant 
flows for use with grinders, shavers, cut- 
ters, hobbers. Industrial Filtration 


373. Copper Alloys 

40-page book on eleven copper alloys. 
Properties, cleaning, annealing. Seymour 
374. Copper Alloys 


64-page book on free-cutting brass, 
copper and bronze. Chase Brass 


TECHNICAL OPERATIONS INC. 


NGTO! 
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Here’s what you need 
for high vacuum 
metallurgy 


@ A well designed, flexible, and effi- 
cient furnace—with the finest in in- 
duction melting equipment—seals 
that are leak-tight—mechanical de- 
vices for locking, bridge breaking, 
melt additions, and thermocouple 
immersers which perform consis- 
tently without trouble. 


@ A high vacuum pumping system of 
large capacity, consisting normally 
of a single wide range pump combi- 
nation (operating from one micron 
or lower to 300 microns) to handle 
efficiently the inevitable gas bursts 
and still produce the low pressures 
required for proper processing of 

the melt. 


Technical personnel, trained and 
experienced in high vacuum metal- 
lurgical procedures to assist in the 
initial stages of installation and 
operation of your equipment and to 
rely on for answers at any time. 


Consolidated Vacuum Corporation of- 
fers you the best in design, pumping, 
and know-how. We invite you to con- 
sult us on any phase of high vacuum 
metallurgy. Write Consolidated Vacuum 
Corporation, Rochester 3, N. Y. (a sub- 
sidiary of Consolidated Engineering 
Corporation, Pasadena, California). 


Headquarters 
for High Vacuum 
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Upper picture: One of several CVC oil ejector pumps. 
This single-stage type K B-1500 removes two pounds 
of air per hour at 50 microns and produces an 
ultimate pressure of 5 mwurons while operating 
against O.5mm forepressure. 


Lower picture: (VC's sixty-six inch high vacuum 
melting and casting furnace. Other capacities range 
froin a few pounds to one-ton melt with operating 
pressures from 1 to 0005mm He. Sintering and 
heat treating furnaces also available. 


nsolidated Vacuum Corporation 
ROCHESTER 3, N.Y. 


soles offices: NEW YORK, N. ¥. © CHICAGO, ILL. * BOSTON, MASS. * CAMDEN, N. J. * PALO ALTO. CALIF. 
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375. Copper Nickel Alloys 
8-page bulletin on composition, proper- 
ties and applications of series of 12 cop- 
= -nickel-base alloys available in cast 
Waukesha Foundry 


376. Tubing 

6-page re er on seamless copper tubing. 
Chart featuring safe working internal 
pressures for annealed and hard copper 
tubing. Penn Brass & Copper 


377. Creep Testing 

Bulletin 4208 on five types of creep test- 
ing machines for standard sized metal 
specimens. Baldwin-Lima-Hamilton 


378. Cutting Oil 


Folder on sulphurized cutting fluid for 
a wide range of machining jobs. Gulf Oil 


379. Degreasing 

34-page booklet on vapor degreasing. 
Design, installation, operation and main- 
tenance of equipment. Circo Equipment 


380. Degreasing 

40-page book on properties and use of 
trichlorethylene. Methods of handling and 
safety measures. Niagara Alkali 


381. Desealing Process 

8-page bulletin on sodium hydride de- 
scaling process for ferrous and nonferrous 
metals. DuPont 


382. Desealing Stainless Steel 

Bulletin 25 on descaling stainless steel 
and other metals in molten salt. Hooker 
Electrochemical 


383. Design of Dies 

32-page bulletin on design of dies for 
upset forging. Also rules for upsetting 
and examples of forgings. Ajax Mfg. 


384. Die Casting 


Bulletin on automatic 
aluminum die castings. 


yuring unit for 
jax Engineering 


385. Die Casting Finishes 

Data on method of applying conversion 
coating. How to prepare die castings for 
plating. Chemical Corp. 


386. Die-Casting Machines 

Case histories of companies using 
various types of die-casting machines. 
Kux Machine 


387. Die-Casting Machines 

Copies of “Lester Press” describe 
various features of aluminum die casting 
machines. Lester-Phoenizx, Inc. 


388. Die Steel 

Bulletins on air-hardening, high-car- 
bon, high-chromium die steel containing 
sulphide additives. Latrobe 


389. Ductile Iron 

Reprints on engineering applications of 
ductile iron and its significance to the 
foundry industry. Youngstown Foundry 
& Machine 


390. Electric Furnaces 

Booklet on four types of electric heating 
elements and their methods of mounting. 
Holcroft 


391. Electric Furnaces 
Brochure on electric heat treating, 

melting, metallurgical tube, research and 
sintering furnaces. Pereny Equipment 


392. Electrocleaning 

Booklet on precleaning, rinsing, reverse 
current cleaning, proper electrocleaning 
material. Oakite 


393. Electron Microscope 
20-page brochure of ten case histories 

of use of electron microscope in develop- 

ment and control laboratories. RCA 


394. Electroplating 
Data sheets on how to plate with gold, 
platinum, palladium. Technic, Inc. 


395. Environmental Chambers 
Catalog of altitude, low-temperature, 
and humidity chambers for testing and 
processing. Bowser Technical Refrig. 


396. Fabrication 

14-page booklet of welding, fabrication, 
machining of steel plate, structural 
shapes, castings. Continental Foundry & 
Machine 


397. Fabrication 

Booklet on welded steel heavy fabrica- 
tion pictures and describes how various 
products are made. R. C. Mahon 


398. Fatigue Testing 

12-page bulletin on Schenck universal 
dynamic fatigue machines for oscillating 
reversed stress, push-pull fatigue testing, 
torsion tests, single-direction stressing 
and endurance life tests. R. Y. Ferner Co. 


400. Ferro-Alloys and Metals 
104-page book gives data on more than 

50 different alloys and metals produced 

by the company. Electro Metallurgical 


401. Finishing 

Catalog of protective finishes and heat 
treating salts; rust preventives, blacken- 
ing compounds. Mitchell-Bradford 


402. Finishing 

28-page catalog, B-9, on  corrosion- 
resistant baskets, racks, crates and tanks 
and other fixtures for cleaning and finish- 
ing. Rolock 


403. Finishing 

20-page bulletin on mechanical finish- 
ing. Deburring, descaling, polishing, 
Britehoning, coloring. Roto-Finish 


404. Finishing Barrels 
12-page catalog of horizontal and tilting 
tumbling barrels. Globe Stamping Div. 


405. Flow Meters 
Bulletin 201 on flow meter for gas used 
in heat treating. Waukee Eng’g. 


406. Fluoroscopy 

12-page booklet on fluoroscopy for non- 
destructive internal inspection. Explains 
image amplifier. Westinghouse, X- oo 


407. Forging 
Series of data sheets on up-to-date 
forging methods. Hill Acme 


408. Forging 

Booklet on forgings with controlled 
directional properties. Steel Improvement 
& Forge 


409. Forging Hammers 

24-page brochure describes construction 
and use of steam drop hammers. Erie 
Foundry 


410. Forgings 
94-page book on die blocks and heavy- 
duty forgings. 20 pages of tables. A. Finkl 


411. Forming 
30-page catalog 54 on roll me- 
chines and roller dies. Am. Roller Di 


412. Forming 

86-page book on equipment and process 
of cold roll-forming. Vide sheets, narrow 
trim, tubular shapes, curving, coiling, 
tooling needed. Yoder 


413. Forming Aluminum 

106-page book discusses blanking, pierc- 
ing, general sheet metal practice, drawing. 
spinning and other forming methods and 
alloys used. Alcoa 


414, Foundry Practice 

20-page Lavingot Journal No. 10 gives 
chart on specifications and test bar de- 
signs of nonferrous ingot and casting 
alloys. Lavin 


415. Foundry Supplies 
Bulletin on Zirconite sand, flour, mold 
and core wash. Titanium Alloy Mfg. Div. 


416. Freezer 

8-page folder on portable freezer for 
shrink caine. hardening, stabilizing and 
testing. Webber Mfg. 


417. Furnace Charging 

12-page brochure on eight models of 
charging machines for heating and melt- 
ing furnaces. Salem-Brosius 


418. Furnace Construction 

12-page bulletin on thin-wall construc- 
tion for furnace enclosures. Engineering 
drawings. Bigelow-Liptak 


419. Furnaces 

40-page book describes gas and electric 
furnaces and applications. Four basic 
types of atmospheres. Glossary of heat 
treating terms. Westinghouse 


420. Furnaces 

Folder describes complete set-up for 
heat treatment of small tools, includin 
draw furnace, quench tank and high 
temperature furnace. Waltz Furnace 


421. Furnaces 

Bulletin on controlled atmosphere fur- 
naces and generating assemblies for an- 
nealing, brazing, hardening, sintering, 
soldering. Sargeant & Wilbur, Inc. 


422. Furnaces 

Bulletin on pit-type, controlled-atmos- 
—* furnaces for carburizing, cyaniding, 
ardening and annealing. Surface Com- 
bustion 


423. Furnaces 

Bulletin 424R on revolving retort, gas, 
oil and electric heat treating furnaces. 
W. S. Rockwell 


124. Furnaces 
Bulletin HD 644 R on electric car-bot- 
tom furnaces for heat treating. Hevi-Duty 


425. Furnaces 

32-page catalog on high-speed gas fur- 
naces for heat treating carbon and alloy 
steels; also pot furnaces for salt and lead 
hardening. Charles A. Hones 


426. Furnaces 

44-page Catalog 112, features furnaces 
for hardening, tempering, carbonitriding, 
forge heating, sintering, annealing and 
tool heat treating. Also atmosphere gen- 
erators and ammonia dissociators. é : 
Hayes 


427. Furnaces 

Bulletin GEA 3596 on box-type heat 
treating furnace with protective atmos- 
phere. General Electric 


428. Furnaces 

Bulletin D on salt pot furnaces, forging 
furnaces, melting furnaces and others. 
Eclipse 


429. Furnaces 
High temperature furnaces for tem- 
up to 2000° F. are described in 
ulletin. Carl-Mayer Corp. 


430. Furnaces 
Booklet on electric furnaces with zone 
_ between 500 and 2300° F. L L 
g. 


431. Furnaces 

12-page brochure on car furnaces of 
special and conventional design. Jet 
Combustion 


432. Furnaces 

8-page bulletin on continuous, car-type, 
reverberatory, and other 
furnaces. Demsey Industrial Furnace 


433. Furnaces 

16-page bulletin 81 on recirculating fur- 
naces for stress relief, heat treating, pre- 
heating. Despatch Oven 


434. Furnaces 

Series of bulletins on controlled atmos- 
phere, carburizing, nitriding, hardening 
furnaces. American Gas Furnace 
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435. Furnaces, Heat Treating 

12-page bulletin on conveyor furnace, 
radiant tube gas heated, oil or electrically 
heated. Electric Furnace Co. 


436. Furnaces, Heat Treating 
Bulletin on furnaces for annealing, nor- 


Flinn Dreffein Eng’g 


437. Furnaces, Rotary Hearth 

Folder giving drawings, dimensions, 
capacity, Btu. required for drawing, an- 
nealing, forging. Gas Machinery 


438. Gages 
Data sheets on vacuum gages, direct 


reading, continuous measurement, control 
circuits. Consolidated Vacuum 


439. Gamma Radiography 
Data file on equipment and sources for 


cobalt 60 radiography in industry. Tech- 
nical Operations 


440. Gas Analysis 


48-page catalog 81 on equipment and 
accessories for gas analysis. Burrell 


441. Gas Pilots 

Bulletin 151-155 on gpedentions and 
instructions for manually or electrically 
ignited pilots. North American Mfg. 


442, Goaghite Electrodes 

16-page book on improved standards of 
electrode performance shows good and 
bad practice. Great Lakes Carbon 


443. Handling Devices 
Pamphlets on clamps for lifting and 


handling. Their to various in- 
dustries. Merrill Bros. 


444, Hard Surfacing 

40-page hardfacing manual tells what 
metals can be hardfaced, how to select 
right hardfacing material, step-by-step 
ac and applications. Haynes Stel- 
te 


445. Hardness Tester 

4-page bulletin on Brinell hardness 
tester weighing 26 lb. for portable and 
stationary use. Andrew King 


446. Hardness Tester 
Booklet describes two models of Pe- 
netrascope hardness testers. C. Tennant 


447. Hardness Tester 
Circular on portable hardness tester in 


sizes for work 1 to 6 inches round and 
flat. Ames Precision 


448. Hardness Tester 


13-page booklet on microhardness tester 
with optional Vickers or Knoop diamond. 
Geo. Scherr 


449, Hardness Tester 


Bulletin on superficial hardness testers 
for testing thin strip. Wilson Mechanical 
Instrument 


450. Hardness Tester 
20-page book on hardness testing by 
Rockwell method. Clark Instrument 


451. Heat Resistant Alloy 
Bulletin No. 1 on HR-3 (37% Ni, 17% 

Cr) cast alloy for parts subject to cor- 

soson and high temperatures. Standard 
oy 


452. Heat Resistant Alloy 

Pyrasteel bulletin describes chromium- 
nickel-silicon alloy for service economy 
in resisting oxidation and corrosion to 
2000" F. Chicago Steel Foundry 


453. Heat Resistant Alloy 
10-page article on how to get best serv- 

ice out of standard grades of heat resist- 

ine alloys by proper selection. Rolled 

Alloys 

454. Heat Resistant Castings 
16-page bulletin on design, engineering. 


foundry practice, inspection and testing 
of Thermalloy castings. Electro Alloys 
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455. Heat Resistant Finish 
Bulletin 531 on silicone-base heat-re- 
sistant finish. Midland Ind. Finishes 


456. Heat Treat Belts 


Catalog of conveyor belts and data for 
their design, application and selection. 
Ashworth Bros. 


457. Heat Treating 

Bulletin 14-T on ovens for heat treat- 
ment of aluminum and other low-tem- 
perature processing. Young Bros. 


458. Heat Treating 
Bulletin 1051 on 9 designs of electric 


heat treating furnaces. Harper 
lectric Furnace 


459. Heat Treating 


Catalog N-35 on furnaces for hardening 
high speed steel. Sentry Co. 


460. Heat Treating 


56-page “Heat Treating Alloy Steels”. 
Republic Steel 


461. Heat Treating 


Folder on “Facts and Figures on Heat 
Treating Costs.” Metal Treating Inst. 


462. Heat Treating 

Bulletin 200 on car hearth, rotary 
hearth, pit roller hearth, belt, chain, 
usher and “hi-head” furnaces. R-S 
urnace Corp. 


463. Heat Treating 

Handy, vest-pocket data book has 72 
ages of charts, tables, diagrams and 
actual data on steel specifications, heat 
treatments, etc. Sunbeam 


464. Heat Treating Ammonia 
24-page “Guide for Use of Anhydrous 

Ammonia” describes heat treating and 

other metallurgical uses. Nitrogen Div. 


465. Heat Treating Equigment 
Catalog C-1304 on furnaces, flow meters, 
quench tanks. American Gas Furnace 


466. Heat Treating Fixtures 

24-page catalog on heat and corrosion- 
resistant equipment for heat treating and 
chemical processing. 30 classifications of 
equipment. Pressed Steel 


467. Heat Treating Furnaces 
Bulletin 653 on vertical retort, pit-type 


convection, box-type electric furnaces. 
Hevi-Duty 


468. Heat Treating Guide 
Chart guide constructed on slide rule 

principle for simplified hardening and 

drawing of tool steels. Carpenter Steel 


469. Heat Treating Meehanite 
44-page book on the heat treatment of 
meehanite metal gives equilibrium dia- 
ams, cooling curves, equipment and its 
ayout, and microstructures. Meehanite 
Metal Corp. 


470. Heat Treating Supplies 
Data sheets on carburizing, hardening. 

tempering, nitriding salts, metal cleaning 

and rust prevention materials. Heatbath 


471. Heating Elements 

24-page Bulletin H on electric heating 
elements. Includes extensive tabular data 
on physical and electrical specifications 
for various sizes. Globar Div. 


472. Heating Elements 


nt ay book on electric heating ele- 
ments for use up to 2800° F. Norton 


473. Heliare Welding 


Pocket-sized folder contains current 
ranges and sizes for electrodes with table 
on current and number of passes required 
to weld various metals. Linde 


474. High-Alloy Castings 
Bulletin 3150-G on castings for heat, 
corrosion, abrasion resistance. Duraloy 


475. High Speed Steels 

Catalog of grades, applications, heat 
treatment of high speed steels. Vanadium- 
Alloys Steel 


476. High-Strength Bronze 

12-page booklet on telnic bronze with 
high strength, high hardness, good ma- 
chinability, age hardenability, corrosion 
resistance. Chase Brass 


477. High-Strength Steel 
66-page catalog on Mayari *R steel. 

Uses which take advantage of its wear 

and corrosion resistance. Bethlehem Steel 


478. High-Temperature Alloys 

“Haynes Alloys for High-Temperature 
Service” summarizes all available data on 
10 superalloys and lists physical and me- 
chanical properties of two newly devel- 
oped alloys. Haynes Stellite 


479. High-Temperature Belts 


24-page bulletin on metal conveyor 
belts. Wickwire Spencer 


480. High-Temperature 
Lubrication 
Bulletin on colloidal graphite lubrica- 


tion of kiln cars, oven conveyors and 
forging dies. Acheson Colloids 


481. High-Tensile Steel 
Bulletin on nickel-copper steel of low- 


alloy, high-strength type. Youngstown 
Sheet and Tube 


482. Hydraulic Presses 

Bulletin 147, “Practical Facts About Hy- 
draulic Presses”, an informative guide for 
the user of all types and sizes of hy- 
draulic presses. Lake Erie Engineering 


483. Induction Heating 
36-page catalog on high-frequency in- 
duction heating. Lepel 


484. Induction Heating 

Bulletin 1440 on system for safety con- 
trol of induction heating through use of 
components built into every unit. Lind- 
berg Engineering 


485. Induction Heating 
Bulletin on new 60-cycle induction 
furnace for heating aluminum, magne- 


sium, copper and brass for forging, ex- 
trusion and rolling. Loftus Eng’g 


486. Induction Heating 
Folders on electronic induction heating 


enerators. Case histories. Induction 
eating 


487. Induction Heating 

_ 60-page catalog tells of reduced cost and 
increased speed of production on harden- 
ing, brazing, annealing, forging or melt- 
ing jobs. Ohio Crankshaft 


488. Induction Heating 


_ Bulletin on low-frequency (60-cycle) 
induction heating furnace for nonferrous 
metals. Magnethermic 


489. Induction Heating 
“Induction Heating” .. . presents case 


histories of increased production, reduced 
space, lower costs. Westinghouse 


490. Induction Heating 
12-page bulletin 5679 on induction hard- 

ening, brazing annealing at 1000, 

and 10,000 cycles. General Electric 


491. Induction Melting 
16-page booklet 14-B on high-frequency 
converter type furnaces for induction 
heating and melting of ferrous and non- 
ferrous metals. Ajax Electrothermic 


492. Industrial Furnaces 


Bulletin on box and pot-type furnaces. 
Specifications, design, installations. 
Dempsey Industrial Furnace 


493. Inspection 
8-page booklet on magnetic particle in- 
spection and its application. Magnaflur 
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494. Instruments 
Bulletin F-5633-1 on instruments for 
industrial process control. Wheelco 


495. Instruments 

34-page book describes 37 instruments 
for electrical, physical, resistance-weld- 
ing, ultrasonic and other measurements. 
Brush Electronics 


496. Iron 99.84% Pure 

Data on composition and price of elec- 
trolytic iron melting stock 99.84% pure. 
Plastic Metals Div., National Radiator 


497. Laboratory Equipment 
16-page book on Lindberg laboratory 

furnaces, controls, hot plates, carbon de- 

terminators. Boder Scientific 


498. Laboratory Furnaces 

26-page, “Construction of Laboratory 
Furnaces,” contains many diagrams, 
charts, tables and information on how to 
construct furnaces. Norton 


499. Laboratory Furnaces 

Folder describes and illustrates tubular 
furnace for use in tensile testing, and 
control panels. Marshall Products 


500. Laboratory Supplies 

Instruments and apparatus for control, 
research, development laboratories. Har- 
shaw Scientific 


501. Leaded Steel 
Folder gives advantages of leaded al- 
loys. Case histories. A. M. Castle 


502. Light Metal Castings 
Bulletin “Creative Castings” on making 

castings of aluminum and magnesium. 

Thompson Products, Light Metals Div. 


503. Low-Alloy Steel 

60-page book on high-strength low-al- 
loy steel, properties, fabrication and uses. 
U.S. Steel 


504. Low-Temperature 


Cabinets 
Circulars on several models of low- 
temperature cabinets. Murphy & Miller 


505. Low-Temperature 


Properties 
Article on application of extreme low 
temperatures to metallurgy. Behavior of 
metals at low temperatures. Arthur D. 
Little 


506. Lubrication 

Bulletin on FOS process of lubricating 
steel surfaces for extrusion, drawing, and 
other metalworking processes. Pennsyl- 
vania Salt 


507. Machinability 

48-page booklet based on laboratory and 
production tests. Property tables, micro- 
structure. Titan Metal Mfg. 


508. Machining Aluminum 

72-page book on tools and compounds 
used, lathe practice, planing, shaping, 
milling and other machining operations. 
Alcoa 


509. Machining Copper 

32-page booklet gives cutting speeds, 
feeds, rakes, clearances for more than 40 
copper alloys. American Brass 


510. Machining Titanium 

Recommendations for turning, milling, 
drilling, tapping and grinding titanium. 
Mallory-Sharon 


511. Magnesium Alloys 

Loose-leaf folder of data and tables on 
chemical : ifications, properties, extru- 
sion, machining operations. Brooks & 
Perkins 


512. Magnesium Fabrication 
8-page folder on the facilities and serv- 
ices for fabricating magnesium. Brooks 


& Perkins 


for 


“INDUSTRY 


HEVI DUTY BOX 
TYPE FURNACE 


Hardening piston rings at 
1850° F. is one exacting 
use of this furnace. Hevi 
Duty design and construc- 
tion assures uniform and 
fast heating with low 
maintenance costs in 
electric furnaces for many 
applications. 


HEV! DUTY SALT OR 
LEAD BATH POT 


.PURNACE 


Salt both hardening, tem- 
pering, and cyaniding 
without scale are major 
applications of the Hevi 
Duty Electric Pot Furnace. 
A cose of .004 to .005 is 
obtained in 15 to 20 min- 
utes on parts immersed in 
cyanide salt at 1550° F. 


HEVI DUTY SHAKER 
HEARTH FURNACE 


This modern production 
tool will either carburize, 
nitride, dry cyanide, or 
bright harden up to 150 
pounds of work per 
hour. The work passes 
through the furnace and 
drops directly into the 
oil quench. Results are 
clean, uniformly treated 
parts with minimum dis- 
tortion. Bulletin HD-850. 


Hevi Duty Electric Company designs, and builds many types of electric heat 
treating furnaces and gas generators. Call on us to help solve your heat 


treating problems. 


HEVI DUTY ELECTRIC COMPANY 


—~— MILWAUKEE 1, WISCONSIN — 


Constant Current Regulators 
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Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers ee 


Two % HP LIGHTNIN Mixers provide violent, con 
trolled agitation in this heat treatment installation 
recommended by United States Steel for the Colum- 
bus Bolt & Forging Co., Columbus, Ohio. 


LIGHTNIN MIXERS 


improve quench methods 


---help increase hardness depth 
up to 50% or more 


Violent agitation of the quench 
bath can help you get steel of uni- 
form hardness and microstructure 


with less distortion, assuring fewer 


rejects, minimum retreating. Tests somes 
show Brinell hardness can be in- 


to 3 HP — 


with GLOBE Direct Drive 
TUMBLING BARRELS 


Talon sliders—the key to good zipper operation—get an 
80-minute burnishing in Globe Direct Drive Tumbling 
Barrels to remove all burrs. ‘Pulls’, “retainers”, and 
“stops are burnished as carefully. As a result the parts 
feed through the hoppers of automatic machinery with- 
out jamming, and tool costs have been reduced. Finished 
slider assemblies are bright dipped and tumbled in 
soap and water to provide the sparkling finish for 
which the Talon slide fasteners are known. 


creased up to 50% or more. 
LIGHTNIN Mixers are used in the 
improved heat treatment method 


often recommended by United 
States Steel and now used in many 
plants. This method increases 
mechanical properties, reduces 
cracking, improves machinability. 


Controlled agitation of the quench- SIDE ENTERING 
ing bath with LiGHTNIN Mixers 1 to 25 HP 

extracts heat rapidly and uni- 
formly from all surfaces of a part. 


There's a LIGHTNIN Mixer for every fluid Advantages? Talon relies on Globe Barrels to help 


mixing job. Sizes range from 1/30 to 
500 HP. MIXCO engineers use exclusive 
data to give you quick, correct answers 
to any fivid mixing problem. Every 
LIGHTNIN is unconditionally guaranteed 
to do the job for which it is recom- 
mended. Write today for full facts on 
LIGHTNIN Mixers and MIXCO engineer- 
ing service. 


TOP ENTERING 
“a to 500 HP 


“Lightain Mixers 


MIXING EQUIPMENT Co., Inc. 
170 Mt. Read Bivd., Rochester 11, N. Y. 


make the small parts feed easily through automatic 
machines, to reduce tool costs, and to maintain quality. 


FREE — Let Hupp’s experimental engineering service ana- 
lyze your parts finish needs. Send samples of parts and 
completed piece to show desired finish. Hupp will provide 
detailed cost-saving finishing recommendations . . . with- 
out obligation of course. 


Ask for 
Globe 
Tumbling 
Barrel 
Bulletin 
No. B-9 


in Canada: Greey Mixing Equipment, Lid., 100 Miranda Avenve, Toronto 10, Ont. 
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513. Magnesium Melting 

Bulletin on use of fabricated steel cru- 
cibles in melting of magnesium alloys. 
American Tank & Fabricating 


514. Mechanical Cleaning 
Booklet on how brushes are used for 
cleaning welds, stainless sheets, hot cast 
iron, automotive rts, brass fixtures. 
Pittsburgh Plate Glass, Brush Div. 


515. Meehanite 

24-page bulletin on “Meehanite Cast- 
ings Build Better Machine Tools’. Mee- 
hanite Metal Corp. 


516. Melting Furnaces 

Catalog on Heroult electric melting fur- 
naces. pes, sizes, capacities, ratings. 
American Bridge 


517. Metal Cutting 

64-page catalog No. 29 gives prices and 
describes complete line of rotary files, 
burrs, metalworking saws and other 
products. Martindale Electric 


518. Metal Treating 

32-page booklet includes soaking pits, 
heating furnaces, heat treating furnaces 
atmosphere equipment, quenching equip- 
ment. Surface Combustion Corp. 


519. Metallograph 

Bulletin E-29 on bright-field equipment 
for visual observation and photography. 
Bausch & Lomb 


520. Metallurgical Apparatus 

200-page catalog of metallurgical appa- 
ratus: cutters, grinders, mounting presses, 
polishers, metallographs, microscopes, 
cameras, testing machines, analytical ap- 
paratus, spectrographs, furnaces, acces- 
sories and supplies. Buehler, Ltd. 


521. Metallurgical Products 
Chart of typical chemical analysis and 
commercial uses of zirconium oxides, sili- 
cates, soluble salts, metallurgical and 
foundry alloys. Titanium Alloy Mfg. 


522. Micropolishing 
10-page brochure on units for polishing 
coils, blanks and sheets. Murray-Way 


523. Microscopes 
Catalog on metallograph and_ several 
models of microscopes. United Scientific 


524. Microscopes 

8-page bulletin on several models of 
metallurgical microscopes. American Op- 
tical 


525. Microscopes 
Catalog Micro 8211 on heating micro- 
scope for study of melting behavior. Leitz 


526. Moly-Sulphide Lubricant 

40-page booklet on Moly-sulphide lubri- 
cant gives case histories for 154 different 
uses. Climax Molybdenum 


527. Nickel Plating 
Booklet on bright nickel plating proc- 
ess. United Chromium 


528. Nitriding 

48-page booklet on nitralloy and ni: 
triding, including the new Floe process. 
Types of nitriding steels, surfaces not to 
be hardened, weldability. Nitralloy Corp. 


529. Nonferrous Castings 

Bulletin on how centrifugal castings of 
bronzes, nickel alloys and aluminum al- 
loys are made. Shenango-Penn 


530. Nonferrous Metals 
“Metal of the Month” letters include 


market trends, statistics. helpful data. 
Belmont Smelting & Refining 


531. 


Nonflammable Rust 
Preventive 

Bulletin on rust preventive compound 
which is water soluble, nontoxic and 
nonflammable. Production Specialties 


532. Oil Tempering 
Bulletin on oil bath electric temper- 
ing furnaces. Hevi-Duty 


533. pH Meter 
Data on pH meter. Analytical Measure- 
ments 


534. Phosphate Coating 

Bulletin on method of producing paint 
bonding and wear-resistant phosphate 
coatings. Pennsylvania Salt 


535. Phosphate Coating 

24-page booklet describes amorphous 
phosphate coatings for protection of alu- 
minum alloys and for paint adhesion. 
American Chemical Paint Co. 


536. 
Catalog on ase, high or 
ow power photomicrographic equipment. 
Bausch & 


537. Pickling 

80-page book “Efficient Pickling” covers 
all variables of process. Many charts and 
tables. American Chemical Paint 


538. Pickling Baskets 

12-page bulletin on mechanical picklers, 
crates, baskets, chain and accessories. 
Youngstown Welding & Eng’g 


539. Porous Chromium 

12-page bulletin on hard, porous chro- 
mium coating for cylinder bores and bear- 
ing surfaces. Van der Horst 


540. Powder Metal Parts 
168-page catalog, B-44, on bronze and 
ferrous alloys. Engineering data and in- 
formation including design data, load ca- 
pacities, specific properties, assembly pro- 
cedure. Amplex Div. 
541. Powder Metallurgy 
6-page bulletin gives recommended de- 
sign procedures on powder metal parts 
from ferrous and nonferrous metals. 
American Sintered Alloys 


542. Powdered Metals 

Booklet tells how things are made of 
powdered metals, applications and future 
possibilities. Stokes 


543. Precision Casting 

Brochure on precision casting of high 
temperature alloys. Alloys used, design 
possibilities. Microcast Div., Austenal 


544. Precision Casting 

44-page Catalog 53 covers every stage 
of the investment casting process. Alexr- 
ander Saunders 


545. Precision Casting 

Illustrated folder, “Cost Reduction 
Through Investment Casting,” shows di- 
versity of parts to which process applies. 
Casting Engineers, Inc. 


546. Process Equipment 
New folder on carburizing boxes, trays, 
heat treat fixtures and baskets. Misco 


547. Protective Coatings 


50-page booklet describes protective 
coatings. Atlas Mineral Products 


548. Pure Metals 


Data sheets on vacuum melted cobalt, 
copper, iron and nickel. Vacuum Metals 


549. Quench Agitation 
Information on mixers and agitators, 

including units applicable to industrial 

quenching equipment. Mixing Equipment 


550. Quenching 

Bulletin 120 on use of heat exchangers 
to provide heat control in quenching bath. 
Niagara Blower 


551. Quenching 

2-page booklet FB-1052 on oil coolers 
and accessories, heat treated parts. Bell 
& Gossett 


552. Quenching Oil 
8-page booklet on applications and cost 
— in oil-quenching installations. 
un Oi 


553. Radiation Pyrometer 
Bulletin 100 on design and use of ra- 
diation pyrometer. Pyrometer Instrument 


554. Radiography 
Booklet on quality control through X- 
ray inspection. Industrial X-Ray 


555. Radiography 
28-page booklet on products for indus- 
trial radiography gives exposure and 
~ yo data for various films used. 
uPont 


556. Rare Earths 

8-page Progress Report Number 1, 
“Rare Earths in Iron and Steel Melting”. 
Molybdenum Corp. 


557. Recorder 
Bulletin C2-2 on electronic strip chart 
recorder for temperature, 5 , Static 


strain, voltage, amperage. Wheelco 


558. Refractories 

40-page book lists super-refractories for 
heat treating furnaces and gives data on 
use in different kinds of furnaces. Re- 
fractories Div., Carborundum 


559. Refractories 

12-page brochure on products for cast- 
ing special refractory shapes and for 
gunning and troweling applications, for 
services to 3000° F. Johns-Manville 


560. Refractory Cement 
Bulletin discusses refractories and heat- 
resistant concrete. Lumnite Div. 


561. Refractory Mixes 

16-page bulletin 315 on properties and 
applications of sillimanite super-refrac- 
tory ramming mixes and furnace patches. 
Chas. Taylor Sons 


562. Resistance Testing 
Bulletin 100 on production tester for 
measuring electrical resistance. Rubicon 


563. Retorts 
Case histories, onerating data and test 
results with NA22H retorts. Blaw-Knoxr 


564. Rhodium Plating 


Rhodium plating as replacement for 
usual plating metals. Baker & Co. 


565. Rotary Files 
8-page bulletin on rotary files and 
burrs. Martindale Electric 


566. Rotary Straighteners 

Bulletin RS50 on machines for straight- 
ening, sizing, polishing bars, tubes and 
pipe. Medart 


567. Rust Prevention 

72-page book on cleaning, preservation, 
and pores of metals. Causes of cor- 
rosion. E. F. Houghton 


568. Rustproofing 

Data sheet on slightly alkaline com- 
pound NR-31 for rustproofing iron and 
steel. Enthone 


569. Salt Bath Descaling 

12-page bulletin B-40 describes contin- 
uous and batch descaling lines for remov- 
ing oxide from steel, bronze, copper, 
stainless and titanium. Drever 


570. Salt Baths 
Bulletin GEA-4074 on salt-bath fur- 
nace for operation to 1100° F. G.E. 


571. Salt Baths 


75-page manual on salt baths for case 
hardening and heat treating. DuPont 


(Continued on page A-32A) 
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KELEKET 


the complete line of 


INDUSTRIAL X-RAY EQUIPMENT 


For Non-Destructive Testing 


© Built especially for industrial 
commercial use 


® Rugged, yet easy to operate 


The New Keleket 120 KVP, 10 MA Unit 
Practical, Low-Cost X-Ray Inspection 


This is the very latest Keleket Industrial X-ray unit. There is nothing like 
it on the market, either in capacity or price range. The capacity of this 
unit makes it ideal for the light alloy foundry, sheet metal fabrication, 
or for checking finished light assemblies. This unit is especially designed 
for industrial use and the duty cycle available is entirely adequate even 
for a production set-up. The price of this new unit makes it practical for 
even the smallest industrial firm as well as for larger-scale operations. 


© Conservatively rated for continu- 


© Time-saving, simplified control 


250 KVP Heavy Duty Unit 


This Keleket Unit offers optimum 

ower required for inspection of 
eoeneh thick section work. Here it is 
jib-crane mounted to facilitate 
radiography of cumbersome parts 
mounted on dollies. 


Custom Designed 


Ceiling Mounted 
Tube Crane 


This revolutionary Keleket development 
leaves the floor of the X-ray room com- 
pletely clear. Virtually any part that will 
fit in the room can be X-rayed from any 
conceivable angle. Complete angulation 
is afforded by the tube carriage assem- 
bly. The vertical tube carrier elevates 
and lowers the assembly from 35 to 80 
inches above the floor, motor-driven. 
Longitudinal travel is 110 inches or more 
if required. Transverse travel is 72 inches. 
The result is precise positioning on the 
smallest part or on any section of the 


largest part. Write for Free 


Literature 


Unit for pro- 


Keleket X-Ray Units 


A few of these machines are 
shown here. A Keleket represent- 
ative will gladly make recommen- 
dations for your specific needs. 


)} duction radi- 
ography. 
Procedure is 
routine, per- 
mitting oper- 
ation by unskilled per- 
sonnel. 


KELEKET X-RAY CORP., 226-6 W. Fourth St., Covington, Ky. 
Export Sales: Keleket International Corp., 660 First Avenue, New York 16, New York 


METAL PROGRESS; PAGE A-30 


Conveyorized 
fluoroscopy; 
loaded at the 
left and unload- 
ed at the right, 
parts are in- 
spected at pro- 
duction rates. 


| 
i 
| 
| 1 
| 
4 | 
2 
| 
| | 
: abe 7” ‘ 
| 
; 
4 f 


...and fit PENN QUALITY 
into YOUR PRODUCTS... 


Looking at the broad scope of Penn products, top pro- 


duction men see the great potential of high quality tubing 
drawn to close tolerances and finished to meet their exact 
specifications. Penn takes your product in view with 
copper tubing of all types—coils, straight lengths, fabri- 
cations, fitted and flared. Cut rejections and speed pro- 


duction—plan Penn into your products. 


Act now—contact your Penn representative or wholesaler or 


write direct for the PENNORAMA story. 


GY PENN BRASS & COPPER COMPANY 


TELEPHONE 3-1164 


ERIE PENNSYLVANIA - 
DEPT. MPH 


COPPER TUBE 
COILED 
STRAIGHT LENGTH 
CAPILLARY 
FABRICATED 


FLARED-FITTED 


ALUMINUM 
COILED TUBE 
STRAIGHT LENGTH 
FABRICATED 
SHAPES 
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CHEMICAL 


AIRCRAFT 


TYPES: Seamless—hot-finished, cold-drawn, or roto-rocked 
Welded—from hot-rolled or cold-rolled strip 


SHAPES: Round, square, rectangular, oval, or other shapes 


GRADES: Stainless Steels—B&W Croloys 12 to 27 
Intermediate Chrome Molybdenum Alloys—B&W Croloys 1/, to 9 
SAE-AISI Alloys and Nitralloy Steels 
Nickel Steels—B&W Nicloys 31/,, 5, and 9 
Carbon Molybdenum Steels—in various grades 
Carbon Steels—in various grades 


SIZE RANGE: Up to 95% inches outside diameter in a wide range of wall thicknesses. 


SURFACE FINISHES: As rolled, as drawn, as welded, flash removed, turned, scale-free 
and polished. 


SPECIFICATIONS: Made to any of the standard specifications such as those of the 
ASTM and U. S. Government. 


QUALITY: Open-hearth and electric-furnace steels, including aircraft and magnaflux 
qualities. 


CONDITION: Unannealed, annealed, tempered, normalized, or otherwise heat-treated 
as required. 
FABRICATION: Upsetting, swaging, expanding, bending, safe-ending, and machining. 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Beaver Falls, Pa.—Seamiess Tubing; Welded Stainless Stee! Tubing 
TA-4064(G) Alliance, Ohio— Welded Carbon Steel Tubing 
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MONTHLY WAREHOUSE STOck List 
Grehouse Stocks 


IE YOU USE OR NEED ROLLED 
RESISTING ALLOYS FOR USE /N 
10M 1500 TO 2200% YOU SHOULD 
MONTHLY STOCK L/$7% SEND FOR / 


NC. 
HILOYS. 
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Here are & handy Holcroft booklets 


you should have in your files... 


If you have anything at all to do with heat treating—if you 
are interested in stepping up production and cutting costs— 
if you want up-to-date information at your finger tips—here 
are four booklets which you should have. 


Bi Blazing The Heat Treat 2. Holcroft And The Electric 
Trail With Holcroft Furnace 
a 
Here's a book which compares © This booklet discusses heat treat- 
open-fired with controlled atmosphere ; ing with electricity. Line drawings 
furnaces. The eight different types of | show how the four standard types of 
stock handling methods are analyzed heating elements are used in the 
and illustrated. many different kinds of furnaces. 
3. Radiant Tube Heating 4, Leaders In Industrial 
Furnace Engi r 
Holcroft has produced a techni- urnase Engneoring 
cal treatise covering radiant tube This book recaps current Holcroft 
heating for controlled atmosphere ads. It discusses gas carburizing, car- 
furnaces. It covers early history and bon restoration, malleable annealing 
the development of this type of fur- and carbo-nitriding. 
nace to every day use. 
Yes, there is a liberal dose of Holcroft “sell” in these books. But, beyond 
that, there is plenty of technical, off-the-cuff information that you should 
have. Write for your copy of any or all of these books—today! Holcroft 
& Company, 6545 Epworth Bivd., Detroit 10, Michigan. 


company PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 


‘ CHICAGO, ILL. + CLEVELAND, OHIO - HOUSTON, TEXAS + PHILADELPHIA, PA. 


Walker Presects, Ltd. 
Windsor, Intario Paris 8, France 
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Salt Baths 

72-page catalog. 116B. on operating 
principles and use of salt baths for 26 
heat treating processes. Ajax Electric 


973. Saws 

Catalog of heavy-duty and high speed 
saws, band saws. Armstrong-Blum 


- 

974.) Serew Thread Inserts 
1§-page book of design data and speci- 

fications on screw thread bushings of 

helically coiled wire, for aluminum. mag- 

nesium, iron, steel. Heli-Coil Corp. 


ene 
075. Sheet Polishing 

Discussion of new techniques for sheet 
metal polishing. Acme Mfg. Co. 


576. Shotblasting 

16-page “Primer on the Use of Shot and 
Grit’. Problems of blast cleaning opera- 
tions. Hickman, Williams 


577. Silver Brazing 

10-page technical bulletin on brazing 
preforms. Specifications for 13 types of 
joints. Lucas-Milhaupt 


578. Sodium 

24-page book on handling sodium in the 
laboratory and plant. Application to de- 
sealing. Ethyl Corp 


579. Soldering Aluminum 

6-page folder on use of a noncorrosive 
flux for soldering aluminum. Data on 
joint strength and ductility. Insulation 
and Wires, Inc. 


580. Spectrographs 

Catalog of spectrographic instruments 
—grating and prism spectrographs, vacu- 
um spectrograph, precision varisource 
excitation units, recording and nonre- 
cording microphotometers. Jarrell-Ash 


S81. Spectrometry 
12-page brochure on quality control 
with a direct reading spectrometer. Baird 


582. Spring Steels 

Spring steel catalog offers 785 sizes of 
hardened and tempered spring steels, and 
133 cold rolled and bright annealed sizes 
in stock. Sandvik Steel 


583. Stainless Applications 
Bulletin on advantages of stainless in 

the chemical industry; units made. fab- 

rication, design, alloys. Crucible Steel 


584. Stainless Castings 

Bulletin on advantages of corrosion- 
resistant castings. Ohio Steel Foundry 
585. Stainless Castings 


Bulletin on designs and alloys for stain- 
less steel castings. Waukesha 


586. Stainless Fasteners 

96-page catalog of bolts, nuts. screws. 
washers, rivets. valves and fittings of 
Stainless steel. Allmetal Screw Products 


587. Stainless Steel 

Selector gives machinability. physical 
and mechanical properties, corrosion re- 
sistance of various grades of stainless 
steel. Crucible Steel 


588. Stainless Steel 

Slide chart. Set top at a certain fabri- 
cating operation, bottom shows rating of 
each standard grade. On reverse side, 
heat treating and corrosion data are 
given. Carpenter Steel 


589. Stainless Steel 

Weekly stock lists for stainless plate 
give size, gage and type of stainless. G. O. 
Carlson 


590. Stainless Tube 
Bulletins on analysis and properties of 
seamless and welded stainless tubing 


Babcock & Wilcox 


591.) Stainless Tubing 

40-page catalog, section 20, on alloys 
used. fabrication and working, pickling 
process. Sections on welding, soldering, 
brazing. machinability, of heat resisting 
steels. Superior Tube Co 


592. Steel 

256-page handbook lists sizes, weights, 
lengths, steels available, shapes. Data on 
mechanical properties, standard steel 
compositions, hardness numbers conver- 
sions. Ryerson 


593. Steel Bars 

12-page booklet on properties, advan- 
tages, applications of cold-worked, fur- 
nace-treated steel bars. LaSalle 


594. Steel 52100 
New stock list on 52100 tubing, bars, 
and ring forgings. Peterson Steels 


595. Steel Melting 

Bulletin 11-C on high-frequency indue- 
tion furnaces for steel and ferrous alloys 
Ajax Electrothermic 


596. Steel Treating 

Bulletin on flame hardening, induction 
hardening, carbonitriding, nitriding, liquid 
carburizing, Chapmanizing. Lakeside Steel 
Improvement 


597. Steel Tubing 

48-page Handbook F-3 on fabricating 
and forging steel tubing. Bending. shap- 
ing. cutting and joining operations de- 
scribed. Ohio Seamless Tube 


BUSINESS 


Neo Postage 


REPLY CARD 


Stamp Necessary Hf Mailed In the United States 


4c 


POSTAGE WILL BE PAID BY— 


METAL PROGRESS 


7301 Euclid Avenue 


CLEVELAND 3, OHIO 


598. Steels 

16-page booklet lists and describes ma- 
jor stainless, tool and electrical steels 
Allegheny Ludlum 


599, Straightening Machines 

16-page bulletin on shape straighteners 
stretcher levelers; how shape straighten- 
ing works. Medart 


600, Subzero Treatment 

Catalog gives complete technical data 
on subzero metal treatment. Cincinnat 
Sub-Zero Products 


601. Sulphur Determination 
Literature on 3-min. determinator for 
use with combustion furnace. Dietert 


602. Temperature Control 
Bulletin 70 on temperature monitoring 
system. Thermo Electric 


603. Temperature Control 
Catalog of pyrometer supplies gives 

data on thermocouples, protection tubes, 

other accessories. Arklay S. Richards 


604. Temperature Control 

Data on automatic system for time- 
temperature control of recirculating stress 
relieving furnaces. Minneapolis-Honey- 
we 


605. Temperature Control 

Folder on straight-line input control 
for use with any standard pyrometer con- 
troller. Claud S. Gordon 


606, Tempering 
20-page bulletin on Homo heat treating 
equipment and results. Leeds & Northrup 


607. Tempering 
Reprint of article on controlled atmos- 
phere tempering. Ipsen 


608. Test Accessories 

22-page Bulletin 46 on instrumentation 
tools and accessories for mechanical test- 
ing machines. Tinius Olsen 


609, Testing Machines 

Bulletin on Brinell hardness, ductility 
compression, tensile, universal, trans- 
verse, hydrostatic proving imstruments 
Steel City Testing Machines 


610. Testing Machines 

8-page bulletin on SR-4 universal test- 
ing machine of 50,000 Ib. capacity. Bald- 
win-Lima-Hamilton 


‘Testing Machines 

28-page catalog on screw power uni- 
versal testing machines and accessories 
Construction, specifications. Riehle 


FIRST CLASS 
PERMIT No. 1595 


(Sec. 349 PL. &R.) 
Cleve'and, Ohio 


| | 
| 
wil 
1} 
| 
| 
| 
| 
| | 
| 
| 
ae } 
| 
| 
: 
| 
| 
| 
— 
| 
— 
3 
i 
| 
} 


612. Thermocouples 

Catalog 30H on thermocouples, quick- 
coupling connectors, panels, pyrometers 
and extension wires. Thermo Electric 
613. ‘Tin 

20-page booklet describes mining of 
tin and its present use by American in- 
dustry. Malayan Tin Bureau 


614. Titanium and Zirconium 

16-page bulletin, “The Hydrimet Proc- 
ess”, on titanium and zirconium metals 
and hydrides, and other metallurgical 
hydrides. Metal Hydrides 


615. Titanium Powder 

Production of titanium and its powders, 
and special properties. Metals Disinte- 
grating 


616. Titanium Tubing 

Bulletin No. 42 on small tubing of ti- 
tanium; processing, fabrication, charac- 
teristics. Superior Tube 


617. Tool & Die Steels 
24-page guide to qualities and sizes 
available, Uddeholm 


618. ‘Tool Dressing 

Bulletin on package equipment for tool 
dressing—forging hammer and furnace, 
heat treat furnace, quench tank, temper- 
ing furnace, tool grinder. Lobdell United 


619. Tool Steel 

Data sheets on high speed, hot work, 
air, oil and water hardening tool steel, 
alloy steels, machinery steels, stainless 
steels, welding rods. Crucible Steel 


620. Tool Steel 

60-page booklet on high-speed. hot 
work, cold work, shock resisting, carbon 
and low-alloy tool steels. Jessop 


621. Tool Steel 

48-page Catalog No. 6 on cold finished 
drill rod and other steels. Pittsburgh Tool 
Steel Wire 


622. Tool Steel 

36-page booklet on properties and ap- 
plications of high speed steels, nonferrous 
cutting mater ial and carbides. Allegheny 
Ludlum 


623. Tool Steel Selector 

Selector is handy chart featuring gen- 
eral and heat treating data on nonde- 
forming. water hardening, shock-resist- 
ant, hot work, high-speed tool and hollow 
die steels. A. Milne Co. 


624. Torsion Tester 


Bulletin RT-10-54 on new 60,000 in.-lb 
precision torsion tester. Riehle 
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625. Tubing 
52-page “Handbook of Seamless Steel 
Tubing’. 26 pages of data. Timken 


626. Tubing Specialties 

Brochure on pressure containers and 
special shapes on the ends of steel tubing. 
Marison Co. 


627. Tungsten Alloy 

Data on properties and uses of 95% 
tungsten alloy, Eedenes nickel and copper. 
Firth Sterling 


628. Tungsten Electrodes 

Wall chart gives data for inert-gas arc- 
welding of aluminum, magnesium, stain- 
less steel with pure and thoriated tung- 
sten electrodes. Sylvania 


629. Ultrasonic Cleaning 

Folder on principles and methods of 
metal cleaning by application of ultra- 
sonic energy. Detrex 


630. Ultrasonic Testing 

Bulletin No. 50-105 on application of 
ultrasonic testing to manufacture, main- 
tenance and quality control. Sperry Prod- 
ucts 


631. Universal Machine 

Bulletin 118 on machine for turning, 
grinding, milling, drilling and other oper- 
ations. Newage 


632. Vacuum Coating 

Bulletin on principles, production steps, 
applications, equipment. National Re- 
search 


633. Vacuum Furnaces 
Bulletin on application of vacuum fur- 
naces to the processing of metals. Stokes 


634. Vacuum Impregnating 
8-page bulletin on vacuum impregna- 
tion and agitation equipment. J. P. Devine 


635. Vacuum Impregnating 

20-page booklet explains vacuum im- 
pregnation, equipment used and its ap- 
plication. Stokes 


636. Vacuum Pumps 
24-page Bulletin V51 on high-vacuum 
pumps and accessories. Kinney Mfg. 


637. Vanadium in Steel 

189-page book on properties of ferrous 
alloys containing vanadium and their ap- 
plications. Vanadium Corp 


638. Vanadium Products 
12-page brochure on 25 steel, iron, alu- 

minum and chemical products. Composi- 

tion and applications. Vanadium Corp. 
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639. Vanadium Tool Steels 
12-page booklet gives properties, heat 
treatment, effect of tempering, harden- 
ability of chromium-vanadium tool steels. 
Vanadium-Alloys Steel 


640. Welding 

12-page bulletin, ADC 717, on method 
of inert-gas-shielded metal-arc welding. 
Economics of process and equipment. Air 
Reduction Sales 


641. Welding Copper 

24-page booklet on oxyacetylene, car- 
bon-arc and metal-arc welding techniques 
for copper and copper alloys. Revere 
642. Welding Stainless 

54-page manual on welding processes 
for stainless with recommendations and 
settings for arc, spot and pulsation weld- 
ing. Soldering and brazing. Republic Steel 


643. Welding Supplies 

Catalog of high-alloy metals and coat- 
ing materials for welding rods. Shield- 
alloy 


644. Wire Cloth 
84-page booklet on applications, meshes, 
baskets, filters. Cambridge Wire Cloth 


645. \-Ray 
Brochure on portable industrial X-ray 
unit. Holger Andreasen 


646. \-Ray Diffraction 

Bulletin 8A-3505 on film or direct re- 
cording X-ray diffraction apparatus. X- 
Ray Dw., General Electric 


647. X-Ray Inspection 
Bulletin entitled “Industrial X-Ray for 


Nondestructive Inspection and Testing.” 
Keleket X-Ray 


648. X-Ray Inspection 

248-page catalog and supplement on 
materials used in X-ray inspection. Picker 
649. X-Ray Supplies 

Bulletin on X-ray films and chemicals 
for radiography. Ansco 


650. X-Ray Suppiice 
50-page catalog of industrial X-ray sup- 
plies and accessories. Westinghouse 


651. 

Folder on new, patented process in 
which each zirconia crystal is stabilized. 
Characteristics of stabilized zirconia. Zir- 
conium Corp. of America 


652. Zirconium 

52-page booklet gives data on ore sup- 
ply, methods of manufacture, properties, 
effects of annealing and cold work. Zir- 
conium Metals Corp 
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OFFERS YOU 
TOMORROW'S TOOL STEELS today / 


“SELF-LUBRICATED” 


X HIGH SPEED 
TOOL STEELS 


@ DOUBLE SIX M-2 XL 


@ CRUSADER XL 


@ CORSAIR XL 


“DESEGATIZED” 
ALLOY TOOL STEELS 
Sulphide Additives 
GREATER TOOL PERFORMANCE 
ABILITY: 


“FREE MACHINING” 


M HIGH CARBON-HIGH 
CHROMIUM DIE STEELS 


@ OLYMPIC FM 


@ BR-4 FM 
@ SELECT B FM 


And They're Available from Warehouse Stock! 


LATROBE STEEL COMPANY 


LATROBE, PENNSYLVANIA 
Branch Offices and Warehouses: 


Boston Buffalo Chicago Cleveland Dayton 


Detroit Hartford Los Angeles Milwaukee LATROBE STEEL CO., LATROBE, PA. 
Please send data on: 
XL steels | FM steels 


Sales Agents: ee 
Atlanta Charlotte Dallas Denver Houston 
Salt Lake City Wichita POSITION 
European Offices: 
Geneva Brussels Paris Milan STREET 


Rotterdam Dusseldorf 
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612. Thermocouples 

Catalog 30H on thermocouples, quick- 
coupling connectors, panels, — 
and extension wires. Thermo Electric 
613. Tin 

20-page booklet describes mining of 
tin and its present use by American in- 
dustry. Malayan Tin Bureau 


O14. ‘Titanium and Zirconium 

16-page bulletin, “The Hydrimet Proc- 
ess”, on titanium and zirconium metals 
and hydrides, and other metallurgical 
hydrides. Metal Hydrides 


615. Titanium Powder 

Production of titanium and its powders, 
and special properties. Metals Disinte- 
gyrating 


616. Titanium Tubing 

Bulletin No, 42 on small tubing of ti- 
tanium; processing, fabrication, charac- 
teristics. Superior Tube 


617. Tool & Die Steels 
24-page guide to qualities and sizes 
available. Uddeholm 


O18. Tool Dressing 

Bulletin on package equipment for tool 
dressing—forging hammer and furnace, 
heat treat furnace, quench tank, temper- 
ing furnace, tool grinder. Lobdell United 
619. Tool Steel 

Data sheets on high speed, hot work, 
air, oil and water hardening tool steel, 
alloy steels, machinery steels, stainless 
steels, welding rods. Crucible Steel 


620. Tool Steel 

60-page booklet on high-speed. hot 
work, cold work, shock resisting, carbon 
and low-alloy tool steels. Jessop 


621. Tool Steel 

48-page Catalog No. 6 on cold finished 
drill rod and other steels. Pittsburgh Tool 
Steel Wire 


622. Tool Steel 

36-page booklet on properties and ap- 
plications of high speed steels, nonferrous 
cutting wat thes and carbides. Allegheny 
Ludlum 


623. Tool Steel Selector 

Selector is handy chart featuring gen- 
eral and heat treating data on nonde- 
forming. water hardening, shock-resist- 
ant, hot work, high-speed tool and hollow 
die steels. A. Milne Co. 


624. Torsion Tester 
Bulletin RT-10-54 on new 60,000 in.-lb 
precision torsion tester. Riehle 
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625. Tubing 
52-page “Handbook of Seamless Steel 
Tubing . 26 pages of data. Timken 


626. Tubing Specialties 

Brochure on pressure containers and 
special shapes on the ends of steel tubing. 
Marison Co. 


627. Tungsten Alloy 

Data on properties and uses of 95% 
tungsten alloy, balance nickel and copper 
Firth Sterling 


628. Tungsten Electrodes 

Wall chart gives data for inert-gas arc- 
welding of aluminum, magnesium, stain- 
less steel with pure and thoriated tung- 
sten electrodes. Sylvania 


629. Ultrasonic Cleaning 

Folder on principles and methods of 
metal cleaning by application of ultra- 
sonic energy. Detrex 


630. Ultrasonic Testing 

Bulletin No. 50-105 on application of 
ultrasonic testing to manufacture, main- 
tenance and quality control. Sperry Prod- 
ucts 


631. Universal Machine 

Bulletin 118 on machine for turning, 
grinding, milling, drilling and other oper- 
ations. Newage 


632. Vacuum Coating 
Bulletin on principles, production steps, 


applications, equipment. National Re- 
search 


633. Vacuum Furnaces 
Bulletin on application of vacuum fur- 
naces to the processing of metals. Stokes 


634. Vacuum Impregnating 
&-page bulletin on vacuum impregna- 
tion and agitation equipment. J. P. Devine 


635. Vacuum Impregnating 

20-page booklet explains vacuum im- 
pregnation, equipment used and its ap- 
plication. Stokes 


636. Vacuum Pumps 
24-page Bulletin V51 on high-vacuum 
pumps and accessories. Kinney Mfg. 


637. Vanadium in Steel 

189-page book on properties of ferrous 
alloys containing vanadium and their ap- 
plications. Vanadium Corp 


638. Vanadium Products 
12-page brochure on 25 steel, iron, alu- 

minum and chemical products. Composi- 

tion and applications. Vanadium Corp. 


639. Vanadium Tool Steels 
12-page booklet gives properties, heat 
treatment, effect of tempering, harden- 
ability of chromium-vanadium tool steels. 
Vanadium-Alloys Steel 


640. Welding 
12-page bulletin. ADC 717, on method 
of inert-gas-shielded metal-arc welding. 


Economics of process and equipment. Air 
Reduction Sales 


641. Welding Copper 

24-page booklet on oxyacetylene, car- 
bon-are and metal-arc welding techniques 
for copper and copper alloys. Revere 
642. Welding Stainless 

54-page manual on welding processes 
for stainless with recommendations and 
settings for arc, spot and pulsation weld- 
ing. Soldering and brazing. Republic Steel 
643. Welding Supplies 

Catalog of high-alloy metals and coat- 
ing materials for welding rods. Shield- 
alloy 
644. Wire Cloth 

84-page booklet on applications, meshes, 
baskets, filters. Cambridge Wire Cloth 
645. \-Ray 

Brochure on portable industrial X-ray 
unit. Holger Andreasen 
646. \-Ray Diffraction 

Bulletin 8A-3505 on film or direct re- 
cording X-ray diffraction apparatus. X- 
Ray Dw., General Electric 
647. X-Ray Inspection 

Bulletin entitled “Industrial X-Ray for 
Nondestructive Inspection and Testing.” 
Keleket X-Ray 
648. \-Ray Inspection 

248-page catalog and supplement on 
materials used in X-ray inspection. Picker 
619. X-Ray Supplies 

Bulletin on X-ray films and chemicals 
for radiography. Ansco 
650. X-Ray 

50-page catalog of industrial X-ray sup- 
plies and accessories. Westinghouse 
651. Zirconia 

Folder on new, patented process in 
which each zirconia crystal is stabilized 


Characteristics of stabilized zirconia. Zir- 
conium Corp. of America 


652. Zirconium 

52-page booklet gives data on ore sup- 
ply, methods of manufacture. properties, 
effects of annealing and cold work. Zir- 
conium Metals Corp. 
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OFFERS YOU 
TOMORROW'S TOOL STEELS today / 


“SELF-LUBRICATED” 


X HIGH SPEED 
TOOL STEELS 


@ DOUBLE SIX M-2 XL 


@ CRUSADER XL 


@ CORSAIR XL 


“DESEGATIZED” 
HIGH ALLOY TOOL STEELS 


Sulphide Additives 


“FREE MACHINING” 


F M PROVED MACHINABIIITY 


@ OLYMPIC FM 
@ BR-4 FM 
@ SELECT B FM 


And They're Available from Warehouse Stock! 


LATROBE STEEL COMPANY 


LATROBE, PENNSYLVANIA 


Branch Offices and Warehouses: 
LATROBE STEEL CO., LATROBE. PA. 
send today Please send data on: 
| XL steels (| FM steels 


Boston Buffalo Chicago Cleveland Dayton 
Detroit Hartford Los Angel Mil ke 
Newark Philadelphia Pittsburgh 

St. Louis St. Paul Toledo 


Sales Agents: 


NAME 
Ailanta Charlotte Dallas Denver Houston 
Salt Lake City Wichita POSITION 
European Offices: 
Geneva Brussels Paris Milan STREET 


Rotterdam Dusseldort 
CITY STATE...... 


o 
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One for your 


All these requirements can be met with flat-rolled USS CARILLOY steels 


METHODS OF MANUFACTURE STRIP 


x 


TREATMENTS: INDIVIDUAL OR COMBINED 


Annealed 

Spheroidize Annealed 
Normalized 

Stress Relieved 


CONDITIONS: INDIVIDUAL OR COMBINED 


Grain Size -- 

Macro-Etch 
Micro-Cleanliness 

Restricted Chemical Analysis 


M 
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SHEET 
SPECIAL QUALITIES 

Other Special Qualities x x 

uenched ond Tempared x 

| 

x x x 
or specie cumming x 
x x x 
thadhined or Other Spaciel Condon? x x x 
SPECIFICATIONS REQUIREMENTS: 
-{NDIVIDUAL OR COM \NED 
Special Mechanice x x 
; AiS!-Govt.-ASTM-SAE x x 
: Special Specifications x x 7 


Glance down the accompanying list 
of qualities, treatments, conditions and 
specification requirements that can be 
furnished in U-S-S CarRILLoy plate, 
sheet and strip. This is the widest selec- 
tion of flat rolled Alloy Steel products 
you can secure from any one producer. 
Our unmatched mill flexibility and size 
range enable you to order anything 
from a razor blade strip to a plate for a 
battleship. This streamlines your pur- 
chasing, assures consistent quality and 
simplifies your manufacturing prob- 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. - 


UNITED STATES STEEL CORPORATION, PITTSBURGH + COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 


UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


alloy steel plate, sheet and strip! 


LOY steels 


lems. Making United States Steel your 
source of supply gives you access to 
expert metallurgical assistance. 

Any time you have a metallurgical 
or fabricating problem, call in a United 
States Steel Service Metallurgist. He 
has an extensive knowledge of all types 
of Alloy Steels and can help cut costs 
by offering suggestions to assist your 
engineering and production people. 

It will pay you to investigate our 
facilities—submit your inquiries to our 
nearest sales office, or send the coupon. 


United States Steel 
Room 4417, 625 William Penn Place 
Pittsburgh 30, Pa. 


Carilloy 


(0 Please send my free copy of your booklet, “STEELS 
FOR ELEVATED TEMPERATURE SERVICE,” 


Company 


Address 
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COMPLETE PRODUCTION FACILITIES IN CHICAGO OR PITTSBURGH | _| ; 


ith a custom-made 


GOLDMAN 
AAGITATOR 


ust as if they were caught in a cataract, 

liquids are tossed around violently in a Gold- 
man Agitator. And the mixing is rapid and 
thorough. 

The Goldman Agitator is entirely new in prin- 
ciple. Baffles, which position themselves auto- 
matically, abruptly halt the whirlpool motion of 
the liquid on the surface, “folding” the liquid 
back on itself and then directing it downward 
through the cylindrical extension. Here, the stir- 
ring paddles pick up the liquid and create the 
rotary flow necessary to return the liquid to the 
baffles. 


This unconventional cataract motion of the 
Goldman Agitator mixes liquid both vertically 
and horizontally; cuts mixing time and produc- 
tion costs. For example, when washing light oil 
with sulfuric acid and caustic, the Goldman 
Agitator cuts mixing time to a fraction of the 
time required in conventional mixers. 

Product quality can be improved by using a 
Goldman Agitator; liquids are mixed with a 
completeness that cannot be approached by con- 
ventional mixers. We invite your inquiry con- 
cerning any of your problems in nitration . . . 
gas absorption . . . saturation . . . evaporation 

.. distillation .. . concentration .. crystallizing 
.. dissolving, ete. 


KOPPERS COMPANY, INC. 
Engineering and Construction Division 


Pittsburgh 19, Pennsylvania 


KOPPERS 
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NOW... 


You No Longer 
Need to Worry 
About the Amount 
Of Carburizing Gas 


Ipsen 


: 


PATENTS 
PENDING 


Automatically controls furnace atmosphere carbon potential. 
Eliminates constant supervision and guesswork. 


Simply set the controls to desired carbon potential...and forget it. 


Universal Production Units in Standard Sizes 100 to 2000 18./H®. 
IPSEN INDUSTRIES, INC. 723 SOUTH MAIN STREET, ROCKFORD, ILLINOIS 


JULY 15, 1954; PAGE A-37 


| 
ao 
ag 
i 
‘ 
AUTOMATIC 


Use Heli-Coil Inserts, and you get unparalleled 
strength in threaded assemblies. 


Use Heli-Coil Inserts, and you can use fewer, 
smaller, shorter screws, bolts or studs, smaller 
bosses or flanges. 


HERE ARE THE FACTS 


What HELI-COIL Inserts ARE — Precision-formed coils of stainless 
steel or phosphor bronze wire having a diamond-shaped cross- 
section. They line the tapped hole and present a strong, accurate, 
standard internal thread to the screw or stud. Heli-Coil Inserts 
are made for Class 2, 3, 2B or 3B applications in National or 
Unified threads, for automotive and aviation spark plug threads, 
and for straight and taper pipe threads. 

Where To USE THEM— Most importantly, wherever threaded fas- 
tenings are necessary in relatively soft materials — aluminum, 
magnesium, wood, plastics. 

Whenever screws must frequently be removed or replaced. 


Wherever there is any danger of thread failure due to stress, 
vibration, fatigue, corrosion or wear. 


Wherever you want to increase strength of fastening without 
increasing weight or bulk. 

HOW You Install Them — It’s easy. Drill the hole. Tap it with a 
Heli-Coil tap. Then wind the insert into the hole with a hand 
or power inserting tool. 


What HELI-COIL inserts mean 
to the Design Engineer 


You can use shorter, less bulky thread engagements, conse- 
quently lighter bosses and smaller flanges. You can eliminate 
costly solid bushings. No staking is required. You eliminate 
secondary machining operations. Often you can use cap screws 
in place of stud- or bolt-and-nut assemblies. 


Inserts require much less space than other types of 
bushings. They are up to 75% lighter in weight than solid bush- 
ings. They assure added strength for any tapped thread, even 
in short thread engagements. You eliminate thread wear, 
minimize fatigue. 

These proven, precision inserts offer you a world of possibilities 
for product improvement at low cost. 


SALVAGE AND REPAIR 


Threads improperly tapped on production lines can be repaired 
quickly and inexpensively simply by re-drilling, tapping and 
winding in Heli-Coil Inserts providing a better-than-original 
thread of original thread size. Thus, for a few cents, costly 
material is salvaged without interruption to production; no 
need for over-size studs or cap screws. Threads stripped or worn 
in the field can be repaired quickly and easily the same way. 


HELI-COIL CORPORATION 


969 SHELTER ROCK LANE, DANBURY, CONN. @ 


Reg. U.S. Pat. Off. 
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Heli-Coil* Screw Thread Inserts Are Your Answer To Almost Every Threaded Fastening Problem — 
Here’s How They Enable You To Improve Product Design And Cut Costs — 


your tapped threads 
will do things they | 
could never do before 


Use Heli-Coil Inserts, and you have permanent 
thread life — positive protection against stripping, 
vibration and wear. 

Use Heli-Coil Inserts, and your threads are for- 
ever free from galling or seizure, unaffected by 
corrosion. 


AIR REDUCTION CO.: 


Improved an arc welder design with 
Heli-Coil Inserts, using them to protect 
tapped threads in plastic and also 

to lock a bushing in place. 


EXAMPLES OF SUCCESSFUL PRODUCT 


IMPROVEMENT WITH HELI-COIL INSERTS 


INGERSOLL-RAND: 


Improved its Impactool with Heli-Coil In- 
D serts in the aluminum housing which is 


subject to severe vibration. In addition, 
the housing was lightened, seizing and 
galling were eliminated. 


a AJAX ENGINEERING CO.: 

ee Overcame thread corrosion due to heat 
+ and magnetic influences in induction 
furnaces by using Heli-Coil Inserts. 


PROGRESSIVE WELDER SALES CO.: = 
Reduced the weight of a product 
66% by using Heli-Coil Inserts Pay 
in a special metal alloy. / U 


3 Ways to get started with... 
HELI-COIL INSERTS 

Ask your Heli-Coil Engineering Representative to discuss the 
use of Heli-Coil Inserts to improve product design. There’s no 
obligation. 
Send for your free copy of Heli-Coil Catalog. 
Contains design data, specifications, facts on 
Heli-Coil Inserts, Taps, Inserting Tools and 
gages, sizes and classes of fit. Y/ 
Get on the list for “Heli-Call”— a periodical re- 


view of case histories — shows and tells you a 
who uses Heli-Coil Inserts — and why. ~  s; 
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Now... | 
You can produce MORE for LESS with 
“ONE STOP” TOOLING SERVICE 


Profit, today, must come from money makes fooling the key to 
production . . . with overhead, _ profit! 


sales, labor, and material costs at Only Firth Sterling can serve 
constant or increasing high levels. | you so completely in solving the 
The need to produce more prod- _ tooling problems that enable you 


uct for the same money or the to make production profits . . . for 
same volume of product for less _ these six convincing reasons: 


UNBIASED RECOMMENDATIONS Because Firth Sterling makes both 
steel and carbide tooling materials, you get completely unbiased 
recommendations. The exactly right tools or tooling materials will be 
matched to your production needs, resulting in better, faster, cheaper 
production. 


UNLIMITED SELECTION On/y Firth Sterling offers so many grades, 
styles and sizes of both steels and carbides from one source of supply 
... 16 High Speed Steels, 53 Tool and Die Steels, 6 High Temperature 
Alloys, 12 Tungsten Carbides embracing standard tools and tips, 
toolholders and inserts, dies, perforators, and “specials” plas Chromium 
Carbides, Stainless Specialties, Titanium Carbide Cermets, Firth Heavy 
Metal, and Zirconium! 


EFFECTIVE NATIONAL DISTRIBUTION Three plants, 4 warehouses, 11 
branch offices and 135 distributors strategically located in the manu- 
facturing centers of the country assure readily accessible supply sources 
for all your tooling needs. 


CONSTANT RESEARCH Continuing full-scale research with emphasis 
on product improvement, specialty steels, carbides, new metals and 
new methods assures you years-ahead tooling procedures when you 
make Firth Sterling your one-stop source of supply. 


PACKAGED TOOL LINE The most complete line of packaged tools 
available comes in standard quantities, easy to handle, stock, identify 
and inventory ... in both steel and carbide. 


ONE SOURCE MAKES SENSE Yes, only Firth Sterling can so adequately 
provide one-stop, one-source-of-supply tooling service with its assur- 
ance of unbiased recommendations, simplified lower-cost ordering . . . 
resulting in better, faster, cheaper production. It makes sense, doesn't 
it? Ask Firth Sterling to analyze your tooling problems . . . to produce 
more for less. 


Sterling 


—Inc— 
GENERAL OFFICES: 3113 FORBES ST., PITTSBURGH 30, PA. 


OFFICES AND WAREHOUSES*: BIRMINGHAM CHICAGO CLEVELAND DAYTON DETROIT* HARTFORD’ 
HOUSTON LOS ANGELES* NEWYORK PHILADELPHIA PITTSBURGH WASHINGTON WESTFIELD, NJ. 


PRODUCTS OF FIRTH STERLING METALLURGY 
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Lower Maintenance Costs with HAYNES Alloys 


Trade-Mark 


HAYNES Alloys operate efficiently where or- 
dinary metals quickly wear away, corrode, or 
disintegrate under high-temperatures. They can 
help you keep production moving and cut main- 
tenance costs. 

HAYNES Hard-Facing Alloys protect hot shear 
blades, dies, draw rings, punches, shafts, and 
other steel mill equipment from the effects of 
abrasion, heat, and impact. 

HASTELLOY Alloys have high strength and 
remarkable resistance to severe corrosives and 
thermal shock. Use them to increase the service 
life of your pickling equipment. 

HAYNES High-Temperature Alloys are strong 
at temperatures up to 1800 deg. F., have high 
stress to rupture properties, excellent resistance 
to oxidation, and low creep rate. They give out- 
standing service in heat-treating furnaces. 


3800 Hours at 2150 deg. F. —Hastev.oy Alloy X rollers have been 
conveying metal sheet through this annealing furnace for 3800 hours. The 
rollers are subjected to thermal and mechanical shock, 2150 deg. F. 
temperatures, and exposed to an oxidizing and corrosive atmosphere. 
They are still in good condition. 


For full information on forms, prices, and 
properties, contact the sales office nearest you. 


Guide 200 Tons of Steel — Entry guides 
hard-faced with HAYNES STELLITE Alloy 
No. 6 have lasted 4 to 5 times longer than 
unprotected ones in guiding hot bars. The 
guides are exposed to abrasion and heat. 


HAYNE 


TRADE-MARK 


16 to 1 Life in Hot H2SO4—HastTe..Loy 
Alloy paddles show no loss in cross-section 
after carrying tubing in and out of a pick- 
ling tank for 4 years. Other materials had to 
be replaced after only 3 months’ service. 


10 Years Service—W ire-straightening 
rolls cast from HAYNES STELLITE Alloy are 
still in good shape after 10 years’ service. 
Steel rolls, previously used on this job, wore 
out every three or four months. 


Haynes Stellite Company 
Union cmd Carbon Corporation 


General Offices and Works, Kokomo, Indiana 


Sales Offices 


Chicago — Cleveland — Detroit — Houston : 
Los Angeles—New York—San Francisco—Tulsa 


“Haynes,” “Haynes Stellite,” and “Hastelloy” are trade-marks of Union Carbide and Carbon 
Corporation. 
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IMPORTANT PROPERTIES 


OF SILVER-MAG-NICKEL 


¥ Oxidation Hardenable 

High Electrical 
Conductivity — 70% 

¥ High Thermal Conductivity 

Hardnesses to 
70 — Rockwell 30T 

V Tensile Strengths to 
70,000 psi 

Corrosion Resistance 
Like Fine Silver 


V Hardness Unaffected 
by Silver Brazing 


HANDY & HARMAN 


Electronic Industries 


HARDENABLE SILVER ALLOY 


SILVER-MAG-NICKEL is its name. As you receive it, 
it is soft and ductile, like fine silver. Fabricate your 
most intricate parts, then oxidation harden them and 
this new alloy will hold its temper permanently. This 
hardness is not disturbed even when subsequent elevated 
temperatures are encountered. 

SILVER-MAG-NICKEL has excellent thermal and 
electrical conductivity. Its corrosion resistance is equal 
to that of fine silver. It is available in wire and strip 
in thicknesses down to .002". 

Have you an application where SILVER-MAG-NICKEL 
can be used to advantage? See the list of properties to 
the left. Write giving full details of your potential 
application. Our engineers will be glad to discuss these 
properties with you. 


OFFICES and PLANTS 
BRIDGEPORT, CONN. 


PROVIDENCE, &. 
CHICAGO, ILL. 


General Offices: 82 Fulton $t., New York 38, N.Y. 
DISTRIBUTORS IM PRINCIPAL CITIES 


DETROIT, MICH. 


CLEVELAND, OHIO 
LOS ANGELES, CALIF. 


TORONTO, CANADA 
MONTREAL, CANADA 
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For Every Tool and Die Job 


There’s BETHLEHEM TOOL STEEL 


Some Bethlehem Tool Steels are general-purpose grades; 
others have properties that fit them for severe or unusual 
operating conditions, Whatever your tool and die jobs, 
there's a Bethlehem Tool Steel that will give you top 
performance at least cost. We make a complete line: 


Made from our BTR oil- 
hardening tool steel, this 
die blanked and formed 
nearly 8 million bottle 
caps from tin plate before 
redressing was needed. 
One of our most populor 
general-purpose grades, 
BTR has good wear-resist- 
ance and shock-resistance. 


ALLOY STEELS 
All AISI and Special Analyses 


Bethlehem can supply whatever you require in the way 
of alloy steels. We make the full range of AISI and 
special analyses, open-hearth and electric-furnace, hot- 
rolled and cold-finished. 

In addition, we are always ready to supply helpful 
information to alloy-steel users. If you have a problem 
related to the selection or processing of alloy steels a 
Bethlehem engineer will gladly talk it over with you. 


MAYARI R 
Makes it Lighter, Stronger, Longer Lasting 


Every day new uses are found for Mayari R, Bethlehem’s 
low-alloy, high-strength steel. It has almost twice the 
yield point of structural-grade carbon steel, and from 
five to six times the resistance to atmospheric-corrosion. 
It forms and welds readily, and comes in sheets, plates, 
structurals, cold-formed shapes and bars. 


A WELDMENT MAY BE THE ANSWER 


Bethlehem Weldments eliminate excess weight without 
sacrifice of rigidity, and serve either as simple parts or 
as units of intricate assemblies. They can be used either 
alone or in combination with forgings, castings, or 
structural shapes. They offer wide freedom of design, as 
the steel can be bent, pressed or shaped prior to weld- 
ing without harm to its physical structure. 
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BETHLEHEM 


Carbon and Carbon-Vanadium, Oil- and Air-Hardening, 
Shock-Resisting, Hot-Work, High Speed and Special- 
Purpose. And when you have a problem in the selection 
or treatment of tool steel, the experience of our technical 
staff is yours to call on. 


This progressive die 
pierces, blanks and forms 
parts from stainless-steel 
strip. The long-wearing 
punches ore made from 
Lehigh H, our populor 
high-carbon, high-chro- 
mium steel. All other parts 
are made of A-H5, Beth- 
lehem's 5 pct chromium 
air-hardening grade. 


COLD-FORMED SHAPES 
Solve Many a Production Problem 


Bethlehem Cold-Formed Shapes are regular or irregular 
shapes, formed cold from steel sheets, strip or plates. 
They have relatively smooth surface finish, practically free 
of scale and rust. They have a good strength-weight ratio, 
and are easy to weld and assemble. 


CIRCULAR BLANKS 
Made by Forging-Rolling Process 


The process by which these blanks are made, combining 
forging and rolling with the benefits of both, imparts a 
tough structure and homogeneity, with superior strength, 
often making possible thinner sections and a saving in 
weight. Use them for gears, crane wheels, sheave wheels, 
flywheels, brake drums, rotors, tire molds and similar uses. 


FORGINGS IN A WIDE RANGE 


The Bethlehem forge shops turn out forgings ranging 
from among the smallest made to heavyweights of 100 
tons or more. We make press forgings, hammer forgings, 
and closed-die forgings—all with the same exacting care. 
Carbon or alloy grades. Shipped either as-forged, or 
rough- or finish-machined. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 
On the Pacific Coast Bethlehem products are sold 
by Bethlehem Pacific Coast Steel Corporation 


Export Distributor: Bethlehem Steel Export 
Corporation 


STEEL 
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Proven Burner Designs 
for all types of furnaces 


Whether your process calls for 
boilers or kilns, ovens or furnaces, 
NORTH AMERICAN has the right 
burners and the right combustion 
accessories for you. 


Ceramic kilns, crucible furnaces, 
forge furnaces, frit furnaces, gal- 
vanizing kettles, glass lehrs, glass 


tanks, heat treat furnaces, ovens 
and reverberatory furnaces, in all 
sizes and temperature ranges—are 


within NORTH AMERICAN’S scope. 


Whether your needs are large or 
small, you can depend upon the 
skill and integrity of NorRTH 
AMERICAN combustion engineers. 


— 
=* | 4 
* 
4455 East 71st St.» Cleveland 5, Ohio 
/ / f 


for 


with 
LESS POWER CONSUMPTION 
MINIMUM VAPOR LOSS 
MAXIMUM SAFETY... 


TRICHLORethylene 


Nialk TRICHLORethylene is the ideal solvent for re- 
moving from metal parts—quickly, safely and econom- 
ically — waxes, oils, greases, gums, tars, metal chips and 
other foreign matter. It leaves parts clean, warm and 
dry, ready for immediate assembly, inspection or sur- 


face treatment. 


Here are a few of the reasons why... 


Its low boiling range (86.6°—87.8°C, based on stand- 


proper vapor level at all times, thus cutting vapor loss. 


ard ASTM tests) permits vaporization at low steam : ‘ a 
It has no flash point and no fire point, is classed as 


pressure. (Incidentally, the narrowness of this boiling 


nonflammable at room temperature and only moder- 
range reflects Nialk TRICHLORethylene’s high purity.) ; a 
ately flammable at higher temperatures. (Underwriters 


Its low specific heat (less than |, that of water) means Laboratories rating 3.) 


less power consumption. 
Finally, it is stable and completely re-usable after 


Its low viscosity (0.58 centipoises at 20°C) and low 2 sii a 
low viscosity ( I ) ~— distillation, and—whether you need a drum or a carload 
surface tension (about 29 dynes per em at 30°C) give 


—you pay no extra premium for Nialk TRICHLOR- 


rapid wetting of surfaces, plus thorough diffusion into ethylene’s top quality. We will be happy to send you 


pores and eelatively openings. further information on Nialk TRICHLORethylene in 


Its high vapor density (4.5 times that of air) assures terms of your own particular application. 


NIAGARA ALKALI COMPANY 
60 East 42nd Street, New York 17, New York 
NIALK Liquid Chlorine + NIALK Caustic Potash « NIALK Carbonate of Potash *« NIALK Paradichlorobenzene 
NIALK Caustic Soda + NIALK TRICHLORethylene «+ NIAGATHAL® (Tetrachloro Phthalic Anhydride) 
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Etched cross section of 


part — showing .080” 
hardened depth. 


with TOCCO* Induction Heating 


A cost reduction of 94% resulted when heat-treatment of this Corn Harvester part was 
changed from carburizing to TOCCO-hardening. Look at the unit cost breakdown: 


“—Savings of 9% cents per piece— 
CARBURIZING TOCCO-Hardening $4770.00 on each $0,000 piece batch, 
plus an hourly production increase 
from 120 to 300 pieces per hour, 
Carburize. . . . 0.0200... . eliminated plus improved quality of the product 
Ist quench. ...... 0.0150... . TOCCO,heatand quench $0.0060 by virtue of the deeper case and 


2nd quench... .... 0.0150... . eliminated stronger core.” 
Draw ......... ©0050... . eliminated (self-draw) 
Shotblast. . . ..... 0.0035... . eliminated 
Internal Grind ..... 0.0243... . eliminated 
External Grind... .. 0.0166... . eliminated 


Degrease. ...... . $0.0020.. . eliminated 


Have you investigated TOCCO's 
cost-savings possibilities for your 
hardening, brazing, melting or forg- 
ing operations? Why not write us to- 
$0.1014 $0.0060 day or send blueprints of your parts 
—no obligation, of course. 


THE OHIO CRANKSHAFT COMPANY Coupon 
FREE THE onto cranxsnart co. 
| BULLETIN Dept. R-6, Cleveland 1, Ohio 
Please send copy of “Typical Results 
of TOCCO Induction Hardening and 
Heat Treating” 


Name 


Position 
Cc 


v 


Address. 


City Zone — State 
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Right down the line 
Ansco Superay “A” X-ray Film 
gives you valuable “extras’’! 


This excellent X-ray film for 
industrial use permits shorter 
exposures, with or without 

lead screens. 


2. Easier Reading 


The higher contrast and finer 
grain of Superay “A” reveal 
the smallest defects, which 
means easier-reading radio- 
graphs. 


3. More Versatile 


| 
[ 
The inherent high radiographic | 
contrast of this fine film | 
allows exposure and develop- 
ment combinations for max- | 
For best results process your X-ray film in Ansco imum variations in density. | 
X-ray Chemicals. 


ANSCO LIQUADOL DEVELOPER is designed especially to 
render optimum density and contrast. Prepared in concentrated 
liquid form, Liquadol ts ready for use when diluted with water. 


4. Wider-Range Performance 


This simple operation gives you a fast-working developer 
with several times the capacity of powdered formulas. 


equally effective at high and 
low voltages. It also gives 
superb results with gamma 
radiation from radium and 
radioactive isotopes. 


LIQUADOL REPLENISHER will more than double the life of 
LIQUADOL DEVELOPER when added to maintain the 
solution level in your tanks. You'll get uniform results also, 

for the developing time remains constant. 


ANSCO LIQUAFIX reduces cleafing time in the fixing process. 
It's a concentrated liquid agent made by diluting with 

water. The capacity of LIQUAFIX is about 30°) greater than 
the usual formula. 


| 
] Superay “A” X-ray Film is 
People Who Know buy Ansco 


NEW! ANSCO POWDERED X-RAY FIXER! High capacity. Easy to 


mix. Free flowing. Less tendency to stain. Available now, in packages to ] 
make five gallons of working solution, L Jj 
Ask your ANSCO representative for a demonstration—at 


YOUR convenience. 


ANSCO Binghamton, N. Y. A Division of General Aniline & Film Corporation. “From Research to Reality.” 
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THE SPECIALIST AMONG 


The “specialty” of Seymour Phosphor Bronze — toughness, 
resiliency, and resistance to fatigue and corrosion — makes 
this wonder metal ideal for a thousand spring, electrical, 
and machined parts. Seymour’s range of grades and 


tempers gives the designer a selection of qualities 
to fit the job. 


Technical data are yours for the asking. Glad to , NONFERRO! ‘ 
furnish samples for tests, and our engineering de- , ALLOYS 


partment is ready to discuss your problem without SINCE 7878 
obligation. 


THE SEYMOUR MANUFACTURING COMPANY SEYMOUR, CONN 
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Oscilloscope X-Y diagram system 
records stress-strain curves 
in shock testing 


The extraordinary high speed of response of this revo- 
lutionary new Baldwin-Emery universal testing ma- 
chine, paired with an oscilloscopic X-Y diagram, 
enables it to measure and record shock tests on com- 
plete structures. Its SR-4 load cells and SR-4 type 
extensometer make it capable of responding to the 
rates required by shock conditions. 


The load cells and extensometer feed signals to the 
oscilloscope through pre-amplifier circuits. in- 
Stantaneous stress-strain curve and its two axes then 
appear on the oscilloscope screen, It is possible to 


TESTING HEADQUARTERS 


have this screen photographed continually to record 
changes in the shape of the stress-strain curve as the 
structure itself changes. 


Its unique aptness for such shock tests is one of the 
reasons why the FGT SR-4 Testing Machine is being 
recognized as the greatest advance in materials testing 
equipment in twenty years. 


Full details on this latest contribution of Testing 
Headquarters are in Bulletin 4202. For your copy, 
write to Dept. 2224, Baldwin-Lima-Hamilton Cor- 
poration, Philadelphia 42, Pa. 


BALDWIN - LIMA -HAMILTON 


General Offices: Philadelphia 42, Pa. ¢ Offices in Principal Cities 


A Mach: h for Struct 
 Werking space j — 
speed drive * 
| 
- 
| | 
| | 
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POSITIVE. . PERMANENT- EASY SOLDERING 
OF ALL eres 


ALL 
Commercial 
Metals Usually 
Joined By 
Soldering 


Already proved in actual use in virtually every type of practical 
application, this is the ONLY flux made for the permanent 

joining of every aluminum alloy regardless of soldering method 

—dip, torch, iron or furnace. No corrosive residue remains 

in most cases, and soldered parts can be used immediately 

after the soldering operation. 

Unsurpassed for joining aluminum, Aluma-Flux* is equally efficient 
for soldering stainless steel, nickel, brass, copper, resistance wire, bare 
and galvanized steel, cast iron, and other ferrous alloys. It may be used for 
the fast and easy joining of unlike metals such as brass and aluminum. 
Nothing else can match it! 

Even when exposed to salt spray, high humidity, alkaline water and 
other normal corrosion-inducing conditions, aluminum joints made with 
Aluma-Flux produce little or no corrosive action. 

Practically any type of solder can be used. And because Aluma-Flux 

is non-hygroscopic—won’t absorb water—it can be stored 

indefinitely without change of weight or fluxing efficiency. 
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ANUFACTURED BY THE A J AX 
MANUFACTURING COMPANY 


UCLID BRANCH P. 0. CLEVELAND, OHIO «+ 0 S. DEARBORN ST. CHICAGO, ILL. « DEWART BLDG. NEW LONDON CONN. 
ss FOREIGN AGENTS IN PRINCIPAL COUNTRIES OF THE WORLD 


| 
FIVE HUNDRED TO SIX THOUSAND TONS CAPACITY 
| 


FORGING 


MEAT TREATING 


What yout problem 


ANNEALING 


Let GLOBAR ENGINEERING help you solve it...to your satisfaction 


GLOBAR® Silicon Carbide Heating 
Elements by CARBORUNDUM, operating 
in modern electric furnaces, have aided 
in solving industrial heating problems 
for over 30 years. Our engineers work 
closely with you, and with the furnace 
manufacturer of your choice, to deter- 
mine the best solution. What do you 
require? More production...faster proc- 
essing ... higher temperatures... more 


even heating...lower overall costs? 
These and many others are often 
achieved by making full use of the 
many properties of GLOBAR Heating 
Elements. To find out what they can 
do for you, write to the Carborundum 
Company, Dept. MH 87-45, Niagara 
Falls, N. Y. Your problem will be 
considered promptly — with no obli- 
gation on your part. 


Elements 


by CARBORUNDUM 


REGISTERED TRADE MARK 
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IT TAKES MORE THAN THESE 


b 


vild a brid 


BOTH MUST HAVE THE VITAL INGREDIENTS — SKILL AND EXPERIENCE 


It is a sad fact that many skilled production men and managers have been, in recent years, badly misled into 


believing that given a furnace — a quench tank — a salt bath, and a corner of floor space — 
they can promptly and easily fulfill their heat treating requirements. Aggressive and misleading selling 
by some furnace and equipment manufacturers (fortunately only a small minority) has encouraged 
this misconception that equipment and materials alone are the essential factors in heat treating operations. 
The cold fact is,that without the proper combination of human operational skill and technical 
knowledge developed over years of practical experience, even the best, most mechanical, most modern 
heat treating equipment becomes a potent menace to your product and your profit margin. 
Careful evaluation of all the factors involved in any heat treating operotion — large or small — always 
reveals that TECHNICAL SKILL BORN OF EXPERIENCE tops the list. 
Make it head your list when you are analyzing the pros and cons of the question “Shall we do 


our own heat treating?” Write for a useful folder — 


Ace Heat Treating Com 
Elizabeth, New 
Anderson Steel Treating Co. 
Detroit, Michigan 
Benedict-Miller, Inc. 
Lyndhurst, New Jersey 
Commercial Metal Treating, Inc. 
Bridgeport, Conn. 
Commercial Steel Treating Corp. 
Detroit 4, Michigan 
Cook Heat Treating Co. of Texas 
Houston 11, Texas 


Dayton 3, Ohio 
Drever Company 
Philadelphia 33, Pennsylvania 
Greenman Steel Treating Com 
Fred Heinzelman & Sons 
New York 12, New York 
Alfred Heller Heat Treating Co. 
New York 7, New York 
Hollywood Heat Treating Co. 
Los Angeles 38, Californian 


The Dayton Forging & Heat Treating Co. 


\\SAa 


Bennett Heat Treating Co., inc. 
Newark, New Jersey 

L-R Heat Treating Company 
Nework, New Jersey 

The Lakeside Steel improvement Co. 
Cleveland 14, Ohio 

Inc. 


Metallurgical, Inc. 
Kansas City 8, Missouri 
Metliab Company 
Philadelphia 18, Pennsylvania 
Metro Heat Treati 


New York 13, New York & Ridgefield, N. J. 
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This advertisement sponsored by these Companies which are members of the Metal Treating Institute. 


Rockford, Illinois 


“Facts and Figures on Heat Treating Costs”. 


THERE’S A HEAT TREATING SPECIALIST NEAR YOUR PLANT 
O. T. Muehlemeyer Heat Treating Co. 


land Metallurgical Corp. 


South Boston 27, Massachusetts 


Cincinnati 25, Ohi 


(Stainless Steels) 
Rock Island, Illinois 


Birmingham 4, Ala. 
Syrocuse, New York 
Detroit 7, Michigan 
Cleveland 16, Ohio 


Paulo Products Company 
Saint Louis 10, Missouri 
Pittsburgh Commercial Heat Treating Co. 
Pittsburgh 1, Pennsylvania 

The Queen City Seeet Treating Co. 
J. W. Rex Company 

Lansdale, Pennsylvania 

Stanley P. Rockwell Company 
Horvtord 5, Connecticut 

Cc. V. Scott & Son, Inc. 


Southern Metal Treating Co., Inc. 
Syracuse Heat Treating Corp. 
Vincent Steel Process Co. 


Winton Heat Treating Company 
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THE BUYERS GUIDE FOR METALS ENGINEERS 


DEMPSEY || ‘Catburizing Cost, 
FURNACES 


GAS, OIL AND ELECTRIC 
BATCH e CONTINUOUS 


ATMOSPHERIC - RECIRCULATING. 
PUSHER—ROTARY HEARTH — for 
CONVEYOR - RADIANT TUBE - POT Every Heat Treating 
CAR-BOTTOM- ALUMINUM REVERBS. Process 
“Tailored by Dempsey” 
START SAVING TODAY by using Park CONTROLLED 
Non-Burning Carburizers 
consumption of compound uw ATMOSPHERES 
DEMPSEY INDUSTRIAL FURNACE CORP. as low as 1 to 16. Write for bulletin. * 
Springfield 1, Mass. DIRECT FIRED 
LIST NO. 79 ON INFO-COUPON PAGE 64 LIST NO, 34 ON INFO-COUPON PAGE 64 * 
CIRC-AIR DRAW 
FORALLYOUR * 
XTURE — CIRC-AIR NICARB 
BASKET and 4 (CARBONITRIDING) 
NEEDS... < o>» 
Specially Engineered 
WIRETEX can meet all your plating or 
and heat treating basket and fixture Your Particular Needs 
requirements, whether your need is for e 
a small or large unit; standard or cus- 
tom built; to resist acid, heat, abrasion GAS OIL ELECTRIC 


or exposure; in every weave,metaland 
alloy. 


May we study your requirements and submit SERVING 
our recommendations? New catalog available. Baskets *Retorts * Muffles 
“Grids * Screens * Racks 
for Quenching, Carburizing, Salt 
Bath, Dry Heat Applications, etc. 


5 Mason St., 5, Conn. 
LIST NO. 114 ON INFO-COUPON PAGE 64 LIST NO. 19 ON INFO-COUPON PAGE #4 
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instruments and 


the most advanced 
Salt Bath Furnaces 


slab heating, etc.). 


are covered. 


Write for bulletin 51-750-51 


BATCH 
TYPE 
WORK 


° LIST NO. 30 ON INFO.COUPON PAGE 64 


A complete summary of Hays products applicable to 
processes such as annealing, brazing and calorizing. 
Scope includes various methods of firing (under- 
fired, overfired, sidefired), fuel burned (gas, coal, 
oil), and type of furnace (continuous, rotary hearth, 


Hays complete line of draft gages, flow gages and 
meters (for high and low pressure gases and liquids), 
portable gas analyzers and automatic CO, recorders 


CONVEY ORIZED 


WORK 


the QUENZINE STORY 


this new additive and 
other Beacon Brand 
Heat Treating Com- 
pounds write to.. 


Free washing! 


UPTON ELECTRIC FURNACE CO. 


Detroit, Michigan 


Phone: Diamond 1-2520 INDUSTRIAL OILS, Inc. imousTaia 


CANTON 


3401 W. 140th Cleveland 11, Ohie 


LIST NO. 20 ON INFO COUPON PAGE 64 LIST NO. 29 ON INFO-COUPON PAGE 64 


HEAT TREATING! 


° Low priced, more readily available carbon . Carburizing Salts 
steels can often replace alloy steels when 
quenched in Beacon 
ALUMINUM Quenching Oils with * Neutral Salts 
QUENZINE added 
BRAZING For information on 


*% Tempering Salts 


Faster more fluid baths! 


Send for FREE Literature TODAY! 


CHEMICAL COMPANY 
CONNECTICUT 


LIST NO: 92 ON INFO-COUPON PAGE 64 


r 
16808 Hamilton Avenue ALDRIDGE 


If what you need isn't shown in our catalog, 
we'll design and build it for you. 


REPRESENTATIVES IN PRINCIPAL CITIES 


res : 4817 W. CORTLAND ST. 
CARBURIZING BASKETS TRAYS 
BOXES 


QUENCH TANKS 


LIST NO. 12 ON INFO-COUPON PAGE 64 
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0 —_— Ve make containers and fixtures of all type 
handling parts in heat treating, quenching, 


pickling, washing and anodizing operations. 


CHICAGO 39, ILLINOIS 
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Designed FOR YOUR SPECIFIC REQUIREMENTS 


@ Motor-Mix Burners @ Flame Retention Nozzles 


@ Model DA Mixers @ Accessories 
@ Western Safety Valves @ Inspirator-Mix Burners 
@ Injector-Mix Burners @ Blowers 

@ Multiport Burners 

© Custom Built Equipment 


Free descriptive literature on request 


WESTERN PRODUCTS, Inc. 


General Office 549 W. Washington Bivd. 
New Castle, Ind. Chicago 6, Il,” 


N INFO.CC 


UPON PAGE 64 


Combustion Air Blowers 


@ Designed to meet your capacity 
and pressure requirements. 


@ Maximum Efficiency— 
power consumption is proportional 
to air volume delivery 


@ Constant Pressures assured 
through properly designed case, 
air inlet and impeller 


Write for Bulletin 100-53 


“~~? WESTERN PRODUCTS, INC. 


NEW CASTLE, IND. 


LIST NO. 115 ON INFO-COUPON PAGE 64 


L-R is equipped for quan- 
tity production work. Metal- 
lurgical and laboratory ser- 
vice available. 
Tool and Die Hardening ... 
Precision Heat Treating . . . 
Salt high speed steel 
martempering . . . 
Cyaniding . . . Pack 
Hardening 


. inexpensive way to expand your 


| For Instance: 1. You save time and money by keep- 


F plant facilities. Choose from 27 Models. Annealing . . . Normalizing 
Brazing . . . Nitriding 
fe nou treat jobs for small parts Also all non-ferrous 
Heat Treating 
* 2. It’s easy to establish a new depart- 
_——! ment at small cost in proportion to Pick-up end delivery 


(5 Trucks) 


TREATING CO. 


QUALITY STEEL FTREATING 


107-11 VESEY ST. NEWARK 5, WV. J. 
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benefits which result. 
3. Cooley heat treat furnaces pay for themselves 
through savings in time and subcontracting costs. 
4, Heat treat operations are easily performed with 
Cooley designed furnaces. 


Write now for Catalog 
giving complete details. 


LECTRIC MANUFACTURING CORP 
30 SO. SHELBY ST. + INDIANAPOLIS, IND 


NE INFO-CO 
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LIST NO. 93 CO lite in all types 
high speed cutting tools! 
| | Heat Treating re 
process for heat treating of 
all types of high speed cut- 
| | 
| FURNACES 
~ 


UNORERG STEEL TREATING COMPANY 
Chic Htieveis, 222 WN. Lefin, Prone: 
Phonet 4200, tes Angeles 22 


Malcomizing 
ef stainless steels. 


LINDBERG STEEL TREATING CO. 
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KENTRON 


U-TYPE * WELL TYPE * DUAL TUBE 


FLOW METERS 
DRAFT GAUGES 


For measuring pressure, 
vacuum and differential pres- 
sure of liquids and gases. 
Also a complete line of 
accessories. 


ASK FOR CATALOG C-12 


Appli 1 to 10,000 load 
THE MERIAM INSTRUMENT CO. 


Kent Cliff Laboratories Div. es aes STANDARD STEEL TREATING CO. 
The Torsion Balance Company U-TYPE MANOMETER SOVETT AVE. OSTROW 
CLIFTON NEW JERSEY re Phone TAshmoo 5-0600 
LIST NO. 53 ON INFO-COUPON PAGE 64 LIST NO. 48 ON INFO-COUPON PAGE 64 LIST NO. 40 ON INFO-COUPON PAGE 64 


UNDER ONE ROOF... 


at LAKESIDE 
STEEL IMPROVEMENT 


Your most comprehensive, complete 
scientific steel treating services 


Electronic Induction Hardening, Carbonitriding, Flame 
Hardening, Heat Treating, Bar Stock Treating and 
Straightening (mill lengths and sizes), Annealing, Stress 
Relieving, Normalizing, Pack, Gas or Liquid Carburizing, 
Nitriding, Speed Nitriding, Aerocasing, Chapmanizing, 
Cyaniding, Sand Blasting. Laboratory Physical Testing. 


S418 LAKESIDE AVE, CLEVELAND 14, OHIO HENDERSON 1-9100 
LIST NO. 43 ON INFO-COUPON PAGE 64 
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| TUE CTAPY NE MAICOMI7TING 
what is... what does .. how works Lindberg Stee! Treating Co., covering in 
> Rew you can ose dustria) America frem coast to coast, wir) 
( Write today for your copy of this 24-.pege plonts in Rochester, Chicugo, Lovis ond 
Specific subject) Los Angeles, is new licensed to Malcomizs 
pretreating the ctecls .. selective Mai for Ws cusomers, fer poriscvlars coll your 
comizing .. . cuse depth... weer resistance earest Li 
A special “tore history” section shows } 
how natlenally known menufocturers are 
TER | 
| 
ALL OF HEAT TRUKTING CAN. 
A 3 
3 
= 
THE 
Y 
4 


= 


Alexander 


SHEET METAL TESTER 


For Erichsen Test 


Determines 
workability 
of ferrous, 
non-ferrous and 
fine metal sheets 
and strips to point of fracture. 
Reading—accurate to 0.0004”. . . 
Write for Catalog 


J. ARTHUR DEAKIN & SON 


150-28 Hillside Ave. + Jamaica 32, N. Y. 


“SOLVED with 


MAGNETIC ANALYSIS 
MULTI-METHOD EQUIPMENT 

Electronic Equipment for non-destruc- 
tive producti ction of steel bors, 
wire rod, and tubing for mechanical 
faults, variati in positi ond 
physical properties. Average inspection 
speed 120 ft. per minute. 

Over 50 steel mills and fabricators 
are now using this equipment. 
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If you want to perform 
Tensile or Brinell testing operations 
quickly and simply — contact 


Detroit Testing Machine Company 
9390 Grinnell Ave. + Detroit 13, Mich. 
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MAGNETIC ANALYSIS 
DEMAGNETIZERS 


Electrical Equipment for rapid and 
efficient demagnetizing of steel bars 
and tubing. When used with Magnetic 
Analysis Multi-Method Equipment, in- 
spection and demagnetizing can be 
done in a single operation. 


MAGNETIC ANALYSIS 
COMPARATORS AND METAL TESTERS 


Electronic Instruments for production 
sorting both ferrous and non-ferrous 
materials and parts for variation in 
composition, structure and thickness of 
sheet and plating. 


MAGNETIC ANALYSIS 
MAGNETISM DETECTORS 
' pocket meters for indi- 
cating ‘residvel magnetism in ferrous 
materials and parts. 


For Details Write: ‘THE TEST TELLS” 


MAGNETIC ANALYSIS CORP. 
42-44 Twelfth St., Long Island City 1, W. Y. 


It’s Dice For The Best... 


in Metal Test Instruments 


The CYCLOGRAPH (Model c) 
... for unscrambling metal 
mixups 

This instrument permits truly 
high speed, non-destructive 
sorting of raw, semi-finished 
or finished parts by their 
metallurgical characteris- 
tics. With the new Auto- 
matic Sorter Unit speeds up 
to 300 pieces per minute are 
possible with the use of suit- 
able feeding equipment. 
Used by leading industrial 
firms everywhere. 

J. W. DICE CO., Englewood 3, New Jersey 


destructive Testing and Measuring Instruments” 
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+ 


‘ow tell Boder what you need 


MANY TYPES OF TUBE 
FURNACES 


SCIENTIFIC COMPANY 


719 LIBERTY AVE., PITTSBURGH 22, 
PHONE: ATLANTIC 1-5525 
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Inspection 
Demagnetizing 
PROBLEMS 
@.,°) 
| . 
| ALL TYPES OF | 
LABORATORY 
Fr (Fesion, | | 


Battery-Operated. Ranges 0.020"-4" and 0.060"-12" of 


KANSO N 
\STRUMENTS. 


ULTRASONICS 


for rapid, accurate, non-destructive 


MEANS BETTER, BRIGHTER RESULTS 


THICKNESS MEASUREMENTS from oneside PROSEAL #9 
and accelerated METAL CLEANING a treatment for 
VIDIGAGE Automatic Thickness Tester cadmium and zinc 
Direct-Reading 21" Cathode-Ray Tube. Infinite Ranges 2:1, as selected PROMAT C-42 P 
y ge permits zinc plating 
between 0.015” and 6” of steel or equivalent. Accuracy 0.1°%—1.0% . 
according to use. twice as fast 
AUDIGAGE?® Portable Thickness Testers PROSALT 


improves, enriches 
copper plating 


steel or equivalent 
ZINC BRIGHTENERS B-4 ... B-4M 
) SONOGEN Ultrasonic-Power Generator for brilliance, depth 
for Metal Cleaning and other Industrial uses. and ECONOMY 


New England representative for PROMAT products... 


pmer 


roduction Literature 
on Request 
439 FAIRFIELD AVE-STAMFORD-~ CONN. INDUSTRIAL CHEMICAL COMPANY 
CANTON CONNECTICUT 
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today > 


wonder drug 


Make expensive time-consuming 
operations like filing, grinding, 


polishing, blasting, buffing a thing 


of the past with New Amazing 
SUPERSHEEN SPEED FINISH- 
ING. 

It absolutely does away with cost- 
ly hand deburring and other hand 
operations requiring the use of 
large quantities of expensive ma- 
terials and costly skilled labor. 


A single unit replaces from 2 to 
12 men. Savings up to 95% on 
almost ALL types of parts with 
absolute uniformity, fewer rejects, 
finer finishes. 


Investigate today! 


Supersheen 
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INDUSTRIAL ELECTROPLATED GOLD now answers produc- 
tion needs in many fields, aside from obvious applications in instrument- 
making and electronics. Unusual properties of electroplated gold — 
physical, thermal, chemical, electrical, optical and corrosion resistant as 
well as decorative —enable it to solve an amazing range of hitherto insol- 
uble problems. Names of major industrialists taking advantage of new 
developments in gold electroplating are available from Technic, Inc. — 
originator of methods of electroplating gold with scientific accuracy. 
While this company does not process or finish metals, it does equip its 
patrons to perform these operations efficiently and economically 
achieving unprecedented accuracy in control of quality, evenness, thick- 
ness, color, and hardness of gold deposits. Manufacturers who have not 
yet explored the high production values of electroplated gold are invited 
to send specific problems to find out exactly what benefits they can expect. 
Also available: “Electroplated Gold” data sheet. Address TECHNIC, 
INC., 39 H Snow Street, Providence, R. I. 


Advertisement Advertisement Advertisement 
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for all 
industrial 
requirements 


for de-greasing — pickling 
anodizing — plating 
materials handling 
small-parts storage 


of any size and shape — 
any ductile metal 


3333353 


| 


by 
THE C. O. 


MFG. CORP. 
28 Pequot Road 
Southport, Conn. 
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| 
| 
| 
| | 
for industly 

cost-saving, labor 

saving. FINISHING 

DEVELOPMENT 
= a 


FL 


FABRICATED MONEL 
PICKLING EQUIPMENT 


¢ Hairpin Hooks * Sheet Crates 
¢ Steam Jets Chain 
¢ Mechanical Bar, Tube and Coil Picklers 


THE YOUNGSTOWN WELDING & ENGINEERING CO, 


3721 OAKWOOD AVE. 
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YOUNGSTOWN, OHIO 


QUEOUS 


For 
HYDROSTATIC TESTING 


Eliminates . . 
Rust 
Fire Hazards 
Toxicity 
Dermatitis 
Washing 


WRITE FOR FREE SAMPLE & BROCHURE 


ODUCTION™ SPECIALTIES, INC. 


755 BOYLSTON STREET 
BOSTON 16, MASS 
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@ Economical 
@ No Change in Dimension 
@ Corrosion Resistant 
@ Perfect Uniformity 
@ Non-Technical 


The Black Oxide Finish That 


METALWASH Rotary Tempering Units 
maintain an extremely high air change 
rate, permitting absolutely uniform 
temperature throughout. 


METALWASH tempering units are con- 
tinuous machines: 

You save on labor because there are 
no batches to handle and re-handle. 


You save on uniformity because there 
are no rejects—every piece of the 
work is exposed to the same temper- 
ature of air for the same length of time, 
under precisely the same conditions. 


We have a representative near 
you who knows how to apply 
METALWASH uniformity to your tem- 
pering requirements. Write us today 
for more information. 


On any steel blackening problem 
DEPEND onDU-LITE 
for a Superior Finish 


example. . .¥ 


Courtesy The Poly Choke Co. 


Du-Lite gave this part with its compli- 
cated knurls, slots, threads, etc. a fine 
rust-resistant durable black finish. It is 
typical of many other parts, small and 
large, which have been black oxidized 
by Du-Lite for many years. Moreover, 
Du-Lite meets most individual and 
government specifications including 
57-0-2C for Type Ill Black Oxide finish. 


Typical Du-Lite installation 


Du-Lite installations are simple, compact, 
easy to operate. Du-Lite equipment can 
be tailored to fit production require- 
ments on all types of jobs with a maxi- 
mum of speed and economy. Du-Lite 
also makes a complete line of cleaners, 
strippers, wetting agents, passivating 
agents, rust preventatives, burnishing 
compounds etc. for any metal finishing 
application. 


See your nearest Du-Lite Field Engineer 
or write for more information. 


DU-LITE CHEMICAL CORP. 
MIDDLETOWN, CONN. 


Rush information on your metal 
finishing products. 


= 


Penetrates Iron & Steel Surfaces 


Du-Lite 


METAL FINISHING SPECIALISTS 


PURITAN MANUFACTURING CO. 


WATERBURY, CONN. METALWASH MACHINERY CORPORATION 


908 North Avenue, Elizabeth 4, N. J. 
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| 
with METALS asi! 
= 
| 
| 
— me 
A dress 8 
METAL lone ..... ete 
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Paterson, New Jersey Flint, Mich, 
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NATIONAL RACK CO. INC, IMPERIAL RACK CO INC, Amenican nen, co. 
179-161 Madison Street 1109 E, Stewart Avenve Root 


FIRISHING TIPS 


Chrome finishing for decorative 
hood ornaments—such as the 
on this car 
is a plating problem 
even to the experienced pe. 
NARAC( know-how in en 
— has answered this pro 
lem! They have designed an 
efficient rack, with accurately 
—— robber bars, which pro- 
uces a uniform chrome de- 
osit free from any shading or 
urning. 
You too can take a timely fin- 
ishing tip from NARACO Plat- 
ing Rack and Fixture Service by 
calling your nearest NARACO 
Plant—today! 


Sen Fernando Rood 


MANHATTAN 


Abrasive Wheels — Cut-off Wheels 
Finishing Wheels—Diamond Wheels 


Custom-made for your specific 
material removal problems 


Foundry Snagging—Billet 
Surfacing—Centerless Grinding 
Cutting and Surfacing concrete, 

granite, and marble 

“Meldiscs”’ for rotary sanders 


Grinding and Finishing 
stainiess steel welds 


Bearing Race Grinding 
and Finishing 
Finishing Tools and Cutlery 


Cutting-off—Wet or Dry Bars, Tub- 
ing, Structurals, etc. Foundry Cutting 
— standard and reinforced wheels 


Grinding Carbide Tipped Tools 
Write to Abrasive Wheel Department 


Raybestos-Manhattan, Inc. 


MANHATTAN RUBBER DIVISION 
$2 TOWNSEND ST. PASSAIC N.J, 
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persuasive 
abrasive 


the 


Whether your concern is cast- 
ings, forgings or metal parts, 
make 20th Century *Normal- 
ized shot and grit a part of 
your straight-line produc- 
tion operation. 


The high uniformity and greater 
durability of 20th Century 
*Normalized give you maxi- 
mum efficiency, increased econ- 
omy, and a quality product. 


New catalog No. 1153 on request. 


THE CLEVELAND co. 


836 East 67th Street + Cleveland 8, Ohio 
Howell Works: Howell, Michigan 


One of the world’s lar; po producers of 
uality shot, grit and powder — Hard 
ron — Malleable (* Normalized) — Cut 
ire — Cast Steel (Realsteel) 
*Copyrighted trade name 
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use Atlantic Fluxes 


ALUCO... 


Vor degasifying and purifying 
aluminum alloys. Assures uni- 
formly sound, dense grained 
castings. Used in reverberato- 
ry and crucible-type furnaces. 


ALUCO ‘S’... 


Specially compounded for die 
casting aluminum-base metal 
and permanent mold castings. 


MAGNESAL ... 


Used for removing magnesium 
from aluminum alloys. 


ALUCO ‘GR’ & ‘DG’... 


For grain refining and degasi- 
fying aluminum and Its alloys. 


Atlantic Chemicals & Metals Co. 


1921-27 NORTH KENMORE AVE. 


CHICAGO 14, ILLINOIS, U.S.A. 
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Cut Costs With 


FREE 


Cutting Oil Chart 


Use this free cutting oil chart as a handy 
guide to production costs and to more effi- 
cient machining operations. 

Steel and nonferrous metals are charted 
with the proper cutting oil for many appli- 
cations. Shows you 
how to use lubricants, 
sulphurized or com- 
pounded with extreme 
pressure additives, for 
| all operations. 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


3401 W. 140th St., Cleveland 11, Ohio 
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Metal Progress is now 
in its Second year as 
one of our clients 


Cg 


The Eastman Editorial Research Service is a 
critical and advisory service to publishers 
for the sole purpose of developing and main- 
taining better readership. 


Exclusive to one publication in a field. 


Use of the Eastman service by Metal Progress 
is an implied guarantee to its readers of 
continuing editorial progress. 


The Eastman Research Organization 
500 Sth Avenue New York 36, N.Y. 
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Solue 

EXTREME 
PRESSURE 
LUBRICATION 


The new miracle—multi-purpose 
molybdenum disulfide lubricant. 


Anti-Seize is a stable non-melting 
lubricant having a phenominal 
capacity to prevent seizing and 
galling at bearing pressures well 
over 100,000 pounds per square 
inch. Anti-Seize will lubricate at 
temperatures below sub-zero 
and up to 750 degrees F. 


Write today 
DEPT MP 
for new literature 
and get the 
complete story 


MANUFACTURERS OF THE MOST COMPLETE LIME 
OF MOLTODENUM DISULFIDE LUBRICANTS 


BEL-RAY CO., INC. 


MADISON, NEW JERSEY 2090 


ALUMINUM 
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These are claims of users of 
HANGSTERFER’'S LUBRICANTS 
who are Drawing, Drilling, 
Reaming or Tapping stainless 


steel or other hard metals. 


HANGSTERFER’S LUBRICANTS 
are doing the job for major 
metal working plants here 
in the United States and 


in Europe. 


HANGSTERFER’S 
LABORATORIES 


21 COOPER STREET 
WOODBURY, NEW JERSEY 


85 ON 


INFO CO 


UPON PAGE 44 


satisfaction that the 
‘MOLYKOTE line of 
industrial lubricants 


spectacular contri- | 
butions to metal 
progress in many 
decades. Send fo 
literature 


Reduce your assembly problems and costs. 
Our shapes continuously formed, with high 
degree of accuracy, from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


OFFICE 


376! OAKWOOD AVE. YOUNGSTOWN, OH'IO 
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slong Prove 
NX Himmel BROTHERS CO. 
| 
© 
| Production MOL 
depends on the 
behind its development ond 
HE ALPHA CORPORATIC 
LIST NO. 110 ON INFO-COUPON PAGE 64 ‘ 
| SHAPES 
re in 
snvest mo nds | 
inves! tense BO | 
\ 


| 
See | 


Maurath, Inc. 
For 


Stainless and 

Heat Resistant 

ARC WELDING 
ELECTRODES 


| AUTOMATIC WELDING 
All Analyses - Coated, 
Straightened - Cut - 
1 Coiled and Spooled 


MAURATH, Inc. 


21830 MILES AVENUE 
NORTH RANDALL 22, OHIO 
Phone: MOntrose 2-6100 
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~~ 


On half tank sections formerly requiring 
three drawings and two annealing opera- 
tions with scrap running as high as 50%!! 
The Schnell process reduced scrap loss to 
1% or less . . . and production increased 
tremendously. Other advantages include 
better metallurgical properties, less metal 
distortion and a more uniform wall thick- 
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FROM BLANK TO FINISHED PART IN 
ONE OPERATION by 
SCHNELL PROCESS of Deep Draw Dies 


ness. Whatever your stamping, drawing or 
die problem may be. there is a Schnell 
process for doing the job faster, more efti- 
ciently and less expensively. Schnell has 
complete engineering and plant facilities. 
Write for information on how you too may 
eliminate operations and reduce production 
costs. 


CHNELL 


SALEM, OHIO 


USE OUR 
HOEGANAES 
SPONGE IRON PowDER 


for 


Powder Metallurgy 
Fabrication 


and other 


Metallurgical Purposes 
EKSTRAND & THOLAND, Inc. 


441 Lexington Avenue 
New York 17, N. Y. 


WHITELIGHT 


your comprehensive independent 
source of magnesium alloy 
Tubes © Rods © Shapes ® Bars 
Hollow Extrusions ® Plate ® Sheet 
© Pipe © Wire © Welded and 
Riveted structures and assemblies 


WHITE METAL ROLLING 
& STAMPING CORP. 
82 Moultrie St., Brooklyn 22, N. Y. 


Sales Office 
376 Lafayette St., New York 3, N. Y. 
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A CABLE SPLICED 
IN 10 SECONDS! 


ERICO PRODUCTS, INC. 
Complete Arc Welding Accessories 
2070 E. Gist Place, Cleveland 3, Ohio 


Write for Caddy Catalog 


RESIDUAL STRESS 
MEASUREMENTS 


This volume, written by four 
outstanding authorities, devotes 
204 pages to the important prob- 
lem of the nature and extent of 
residual or “internal” stresses 
in metals and metal parts prior 
to actual structural or operating 
use. 

How to measure _ residual 
stresses ... The state of stresses 
produced in metals by various 
processes ... Relief and redis- 
tribution of residual stresses in 
metals ... How residual stresses 
originate, their nature and their 
effect on metals. 


204 pages, $4.50 


AMERICAN SOCIETY for METALS 
7301 Euclid Ave. Cleveland 3 
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¢ : For Press data write 
ia A for Catalog No. 2010 


The Cleveland Crane & Engineering Co. \ 


5952 East 281 Street 
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For Shear dote write 
for Catalog No. 2011 


Wickliffe, Ohio 


“SILVERCOTE''® 


BERYLLIUM 


| COPPER 


TITANIUM BRONZES ALUMINUM 
COPPERWELD + SILVER PLATED WIRES 
OTHER NON-FERROUS 


rounn WIRE 
for 


SPRINGS 

FORMS 
ELECTRONICS 
SPECIAL PURPOSES 


LITTLE FALLS ALLOYS 


INCORPORATED 
189 Caldwell Ave. + Paterson 1, N. J. 
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WRITE, WIRE or PHONE 
FOR YOUR CATALOG 


osk SESSIONS 


STAMPED ASSEMBLIES 
SAVE TIME & MONEY 


Send samples 
or prints for 
quotations 

on special 
stampings and 
sub-assemblies. 


291 RIVERSIDE AVENUE @ BRISTOL, CONN, 
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TITANIUM BOLTS 
Wow Available; Inquiries Invited 
STAINLESS SCREW CO. 
S218 Union Avenue * Paterson 2, N.J. 
Direct NEW YORK Telephone: WI 7-904! 
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BIG BROTHER 


AIR 
MODEL 
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Mubtifortfienters Produce Without Special Tooling 


@ SAV 


Itustrated above are a few of the 
many forms that can be produced 
efficiently on the 
Bender, using the standard tooling. 


J. A. RICHARDS CO. 


UP TIME @ REDUCE PRODUCTION TIME @ ELIMINATE SPECIAL 
TOOLING @ FOR BENDING ALL KINDS OF MATERIAL 


UP TO 4" x 4” 


Also build 
Am 
MODEL 


or 
Multiform 


WRITE TODAY FOR 
FULL INFORMATION 


© 913 Pitcher St. © Kalamazoo, Michigan 
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STEELWELD Bending Presses and Shears 
| 
OF He SHELF 
a a 
au TYPES OF 
| 
| 
BBB 


A PROVEN 


DEPENDABLE SOURCE 
FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 


LIST NO 


HOW TO SAVE MONEY WITH 
GRC SMALL DIE CASTINGS 


Technical data and information 
for sand i 
histories, etc. 

Write today for this bulletin. 


GRIES REPRODUCER CORP. 


World's foremost producer of small die castings 
Second . 


New Rochelle 
113 ON INFO-COUPON BELOW 


St, New Rochelle, Y., 


INVAR 


CASTING 
Special Feature 
— Nickel content 


NON-FERROUS METALS 
held to 35% min- 
imum — 36% 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
Only finish oper- 
ations required 
are reaming small 
dia. of counter. 
bored hole and 
drilling and tap- 


ping for set screw. 


ENGINEERED 
CISION CASTING 


PRE 


NEED BETTER 
CASTINGS? 


Specify 


Spun CENTRIFUGAL CASTINGS 


. for liners, rings, rolls, sleeves, bush- 
ings, etc. Write for booklet. 


AMERICAN NON-GRAN BRONZE CO. 


rwyn, Penna. 
Precision Machine Work 
Castings — Sand and Centrifugal 
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READERS’ INFO-COUPON SERVICE, METAL PROGRESS 


Please send further information, as checked at the right, on the advertisements in the 


Bulletin Board with numbers | have listed below— 


‘ 7301 Euclid Avenue, Cleveland 3, Ohio 


(Bulletin Board Item Number) 


(Please check) 


Send Catalog Send Nearest 
or Engineer- Price Source of 
ing Data Info 


upply 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 
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Metals 


Handbook 


1332 Large pages 
1752 Illustrations 
1057 Tables 

803 Articles 
1,620,000 Words 
40,000 Copies in use 


The 


Here is a book without a competi- 
tor ....a book written by more than 
500 scientists and engineers for all 
those who need accurate and au- 
thoritative information about met- 
als. The Metals Handbook has been 
25 years in the making. The cur- 
rent, 7th edition was compiled and 
written by 68 committees of the 
American Society for Metals; more 
than 500 contributors were hand- 
picked by the Society as the top ex- 
perts, the men best qualified to write 
the most authoritative possible ref- 
erence book on metals, metal prop- 
erties, fabrication and uses. The 
book is divided into 37 principal sec- 
tions and contains 803 separate ar- 
ticles and data sheets on metals, 
properties, uses, processing, testing, 
inspection, control and research. All 
metals, all processes, are included. 
The 64-page index and 4-page sec- 
tion on how to use the book make it 
easy to find what you want. 


Over 40,000 copies of this edition 
are now in use by scientists and 
engineers of all kinds who need ac- 
curate information about metals. 
Order your copy of the 1948 edition 
today. Price is $15.00. 


American Society for Metals, Room 677 
7324 Euclid Ave., Cleveland 3, Ohio ' 
Rush me a copy of Metals Handbook 1 
NAME 
COMPANY — on 
ADDRESS 
CITY STATE 
$15.00 Enclosed osu 


/ 
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co. 
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Furnished in all sizes 
from ‘Ag” for smoll- 
diameter rods up to 
10” for cast and 
turned rounds. The 
most easily-machined 
of all metals and 
olleys From Y% 02. to 100 Ibs. in weight. Produced to meet requirements 
of uniform dimensions, finish and physical properties 


Brass Pressure Die Castings 


Squares, hexagons, 
half rounds, half ovals, 
and special shapes. 
Extruded-only rec- 
tangles furnished up 
to 5%" maximum di- 
agonal. Extruded, 
drawn, machine- 
straightened hexagons 
up to 4”, rectangles 
up to 344” maximum duced. Titan die castings have better finish, stronger structure and 
diagonal. 


Parts having thin sections and intricate cored parts readily pro- 


greater accuracy than sand castings 


Eight different types 
meet all requrements, 
Titan's exclusive 
Double Deosidation 


process assures ductile, 


high-strength, non 


porous welds with the 


oxyacetylene torch, 


Brass wire for many 
facture of rivets, bolts, 


screws, fasteners, etc 


Brass and Bronze Free-Cutting Rods Brass and Bronze Forgings 
Extruded Brass Shapes | 
rass and Bronze Products 
Brass Cold Heading Wire 
Bellefonte, . Offices and Agencies in Principal on 


for the full range of 


mill products call on 


Mallory-Sharon 


DOUBLE-MELTED TITANIUM AND TITANIUM ALLOYS 


ALLORY-SHARON’S pioneering of the double-melting process (Method 

“S"), its patented rolling method, and other technical advances 
assure you of the highest quality and uniformity in titanium and titanium 
alloys. Mallory-Sharon offers an entire range of mill products to meet your 
requirements. 


Q 


% MST titanium and titanium alloys can be supplied to meet re- 
quired Composition, tensile strength and other specifications. All 


alloying ingredients can be controlled exactly. Chemical and phys- 


ical analyses are made on all production runs at the Mallory-Sharon 
Titanium Laboratory, the first laboratory established in the U. S. 


exclusively for research and development on titanium. The rigidly — 


controlled quality of Mallory-Sharon utanium has led to its ac- ks 
A portion of the Mallory-Sharon Titanium Laboratory. 


ceptance and use by every major aircraft and jet engine builder. 


*% Mallory-Sharon maintains a technical staff to assist you in the application of titanium, 
and to supply you with the latest data on methods of forming, welding, machining, 
cleaning, etc. It is our objective to act as technical headquarters for utanium, and 


exchange useful information between fabricators. 


Vor complete information and latest bulletins write 
Mallory-Sharon Titanium Corporation, Niles, Ohio. 


MALLORY-SHARON 
TITANIUM CORPORATION 


NILES,OHIO 


Machining 
unalloyed titanium 
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— TECHNICAL SERVICE TO ASSIST YOU IN FABRICATION 
i 


#1 
#2 
#3 
#4 
#5 


#6 
#7 
#8 
#9 
#10 


#11 
#12 
#13 
#14 
#15 
#17 
#20 
#21 
#23 
#24 
#25 
#26 
#27 
#28 
#29 
#30 
#31 
#32 
#33 
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DATA SHEETS 


- MACDERMID METAL FINISHING COMPOUNDS 
- DYCLENE "E" - Reverse Current Cleaner for Die Castings 
- ANODEX 61X - For Cleaning Buffed Copper 
- ANODEX - Reverse Current Cleaner for Steel 
- ROCHELTEX - For Copper Plating 
MACDERMID BRIGHT COPPER PLATING PROCESS 
- CHROME RESISTEX - For Cleaning Prior to Chrome Plating 
- PRESSURE SPRAY WASHING MACHINE CLEANERS 
- CHROMETEX - Nickel Activator 
- METEX ACID ADDITIVE 
- METEX ZINC STRIPPER 
- METEX DURAFOS - Phosphate Coating 
- METEX PLASTIC STRIPPER 
THE ALUMETEX PROCESS - For Electroplating on Aluminum 
TROXIDE - Dry Acid Pickling Salt 
BLACKMAX SALTS - Black Oxidizing Salts for Steel 
CHROMEFOME - For Reducing Acid Mists 
METEX DB ACID ELECTROLYTIC STRIP 
MACDERMID ALUMINUM BRIGHT DIP 
SOLVENT EMULSION CLEANERS 
COMPOUNDS FOR FINISHING ALUMINUM 
DEOXIDEX - For Cleaning Aluminum for Spot Welding 
MIRROCU - Chemical Copper Polish 
PHOSPHOTEX - Zinc Phosphate Process 
- METEX FILTER POWDER 
- METEX PAINT STRIPPER T-19 
- METEX STRIP AID - For Immersion Stripping of Copper and Nickel 
- METEX 157 - Phosphoric Acid Cleaner 
- MIRROFE - Chemical Steel Polish 
- METEX M-600 - Alkaline Smut Remover and De-ruster 


—~ Special data sheets (+ 
- Complete file for all MacDermid products 
~) Please have representative call concerning 


MacDermid Incorporated, Waterbury 20, Conn. g [Dé 
Gentlemen: Please send me the following data sheets as checked. 
x Qneorporated, 


WATERBURY 20, CONNECTICUT 
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Thirty Two Years Service to The Metal Finishing Industry 


Typical gear and spline processed by Wright Aeronautical Corp. 


ad FLOE PROCESS 


You can reduce or completely eliminate grinding, 


how much can 
you cut your 
finishing costs 


NITRIDING 


lapping or superfinishing time and cost after hardening with the 
Floe Nitriding Process.* On gears and splines and similar parts, 
your savings may run as high as 70 cents, or even more, out of 
every dollar otherwise spent on these finishing operations. 


This is made possible by three characteristics of the process: 


PRODUCERS AND DISTRIBUTORS 


Custom heat treaters and users of nitriding steels may obtain 
licenses for this process without limitation as to the source of 
supply. 


Purchasers of Nitralloy steels from any of these producers or 
distributors automatically acquire the license to use the Process 
in converting the steels so purchased. 
Joseph T. Ryerson & Son., Inc., Chicago, Milwaukee, 
St. Louis, Detroit, Cincinnati, Cleveland, 
Pittsburgh, Philadelphia, Charlotte (N.C.), 
Buffalo, New York, Boston, San Francisco, 
Los Angeles, Spokane, Seattle. 


The Earle M. Jorgensen Co., Los Angeles, Oakland, 
Houston, Dallas, Tulsa. 


Bowsteel Distributors, Inc., Linden, N. J. 
Atlas Steels Limited, Welland, Ont. 

The Babcock & Wilcox Co., Beaver Falls, Pa. 
Copperweld Steel Company, Warren, Ohio 


Firth-Sterling Steel Co., McKeesport, Pa. 
(Nitrard steel only) 


Rotary Electric Steel Co., Detroit, Mich. 
Grede Foundries, Inc., Milwaukee, Wis. 
Electric Steel Foundry Co., Portland, Ore. 


*Potent No. 2,437,249 


1. A surface with a minimum of “white layer” which is 
ideal for service with no after grinding or lapping 
operations. 

2. Low temperature hardening and 

3. Elimination of quenching — both of which minimize 
distortion. 


In most instances, the surface is ready for service. 


In addition, the Floe Process applied to any Nitralloy or 
other alloy steel suitable for nitriding gives you these other 
important advantages: 


® superior case structure 

e high wear resistance 

e high fatigue resistance 

@ retention of hardness at 
high temperatures 

e excellent core properties. 


This New Treatise 
will show you how 
the Floe Process can 

cut your finishing costs. 
Send for your copy. 


THE NITRALLOY CORPORATION + 230 PARK AVE., NEW YORK 17, N.Y. 
@ 
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You can help us place a copy of this new book in your en earl eee 
hands. Please give us your name and address. We'll Jones & Loughlin Stee! Corp., Dept. 405 

do the rest. It will be mailed without cost to you— 3 Gateway Center, Pittsburgh 30, Pa. 

no intrusion on your time. Please send me a copy of your new ELECTREAT booklet. 


Sones ¢ Laughlin 


y 


STEEL CORPORATION — Pittsburgh 
Address 
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Its economy, dryness and purity (99.98%) make it 
particularly suitable for many metallurgical applications 


CARBONITRIDING 


Company metallurgists have found that they are assured a 
more uniform case by carbonitriding with Armour ammonia. 
An excellent surface finish is achieved and corrosion resist- 
ance is improved. Distortion is reduced, through carboni- 
triding, due to relatively low temperatures, and carbon and 
nitrogen concentrations are more accurately controlled. The 
over-all result is fewer rejects and improved working and 
safety conditions. 


NITRIDING 


Precision machine parts such as gears and bushings demand 
the ultimate in fatigue and friction resistance. The case pro- 
duced by nitriding with Armour ammonia is harder than 
that produced by other methods, and is retained for long 
periods at Operating temperatures up to 1100 degrees F. In 
the nitriding process low temperatures plus the no-quench- 
ing factor result in a minimum of distortion. Nitriding has 
become increasingly important in the last ten years, and 
Armour ammonia has been generally accepted as the nitride- 
forming agent. 


DISSOCIATED AMMONIA PROCESSES 


Protective atmospheres of Armour dissociated ammonia 
have proved extremely efficient and economical for sintering 
powdered metals, as well as bright annealing, furnace braz- 
ing and other metal treating applications. Dissociated am- 
monia provides an easily controlled atmosphere at much 
lower cost than hydrogen. One cylinder of Armour am- 
monia yields the equivalent of 34 cylinders of hydrogen— 
and is much less costly! 


Save money on our tank truck delivery 


service available in most areas 
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techniques produce outstanding — 
with Armour 
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Let Armour help solve your metal treating problems 
Manufacturers get more than ammonia when they specify 
Armour. Since 1947 Armour has sponsored a fellowship at 
Massachusetts Institute of Technology for the study of 
metal treating processes using ammonia. The results of this 
continuous research are available to you. Furthermore the 
men of the Armour Technical Service Department are 
equipped to handle and answer any problems arising with 
ammonia installations for metal treating. Write today for 
free copies of the booklets offered below. If your problems 
are unusual or pressing, write giving full details. 
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CLIP AND MAIL THIS TODAY ! 
Please send me free copies of the booklets which | have 
checked: 
“Ammonia Cylinder Installations for Metal Treating” 
“Effective Use of Dissociated Ammonia” 
“Case Hardening of Steel by Nitriding” 
“A Survey of Industrial Carbonitriding Practice” 


“Investigation into the Carbonitriding of Plain Carbon 
Steel” 


“The Carbonitriding of Alloy Steels” 


000000 


(] Tank truck service information 


Name Title 

Firm 

Address 

City Zone State 
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A and Company + 1355 West 31st Street + Chicago 9, Illinois 
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orders come in three 
Small, medium and large. 
se the continent, Milne has 40 
saws cutting tool steel to your order, 
whether it’s in pounds or tons. 
And wherever you are, a Milne man 
is near you. There are 38 Milne 
tool steel specialists strategically 
placed to help you with tool steel 
problems and expedite your order. 
Big or little, your order gets the 
maximum in Milne service. 


ROUNDS 


SQUARES 


Wide range of sizes 

and grades in 

WATER HARDENING— 
b NON-DEFORMING— 

SHOCK-RESISTING—HOT 

WORK AND HIGH SPEED 

TOOL STEELS 


All full length Kolorkoted 
for permanent 
identification 


HOLLOW 
(Tubuler) 


Write or call for Milne’s 
Tool Steel Selector. 


mew TAYLER-SPOTSWOOD 


OF CALIF. 
10S 


PACIFIC MACHINERY 
& TOOL STEEL 
PORTLAND, OREGON 


©. JACKSON, 
SALT city 


eee 


JULY 15, 1954; PAGE A-69 


of tool steer for you 
IMPORTANT MILNE 4 
| 
F ca, 
4 Py, * 
4n, 
e, ‘x Ne, 
6+ “le 
de “ 
1p 4, 
"@ 
4} 4o 
2, 
Ch 
re 
» 
AM.28 
ROS TON 
aco 


to build...s0, 


Lionel chose 


Kux 


Die casting machines 


to get perfect detail in 
its scale model trains 


Model BH 18 


Hydraulic operated for die casting 
zinc, lead or tin 


METAL PROGRESS; PAGE A-70 


The Lionel Corporation, largest and finest 
maker of toy electric trains, knows that its 
customers require exactness of detail from 
gear boxes to the colors in the insignias of 
famous trains it reproduces. Much of this 
detail is possible only because of the perfection 
obtained by the use of die cast parts made on 
KUX machines. Lionel finishes must match 
those of the real life counterpart to the minutest 
detail . . . they have to be tough and durable 
enough to withstand the knocks of railroads 
operated by boys from “‘six to sixty.” 


KUX Die Casting Machines produce tough, 
smooth, non-porous castings that make these 
finishes possible. They add strength to the 
trains, provide superior performance, and per- 
mit an economy of production so Lionel can 
sell its products at the lowest possible price. 


KUX engineers can help you solve equally 
tough production problems with exactly the 
right machine to meet your requirements . 

whether it’s tiny gear boxes or gigantic castings. 
A letter or card will bring you full information. 


Kw xX MACHINE COMPANY 


6725 N. Ridge Ave. * Chicago 26, Ill. 
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PAINTS BODIES WITH RANSBURG 


Automatic electrostatic spray enables 
Studebaker to apply a heavier and 
more uniform primer surfacer while 
giving them a net saving of 1.81 per 
body in paint and direct labor. Not 
only is the Ransburg method providing 
the desirable increase in uniform 

film thickness, but it is enabling 
Studebaker to paint more bodies per 
hour with the substantial savings 

in paint and labor over the former 
hand spray method. 


The heavier, and enduring, first coat on 


Studebakers provides the necessary base 


for the superior finish . . . a finish which 


resists all kinds of exposure conditions, 


such as combinations of warm and Whatever your product may be—large 


or small—if your production volume justifies 


humid climate, and prolonged bright sun exposure. 


conveyorized painting, chances are that 
one of the RANSBURG electrostatic 
processes can do the job better, and 


for less. Write or call for data and 


detailed information on numerous 


and varied installations. 


ELECTRO-COATING CORP. 


Indianapolis 7, Indiana 
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There are Revolutions in North America, too 


» 
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At Lindberg, for instance 
we breed discontent and encourage 
revolutions against the old order of things 


The Revolution of 


— 


*35--100% high speed convection 
replaces slow speed convection and 
radiation heating at temperatures to 


1250° F. 


*42—-Introduction of world’s first 
high temperature (2200° F) endother- 
mic gas generator, thereby providing 
Zero 


°43--100% high speed convection 
heating is pushed up into the high 
temperature field (1750° F) much to 
the surprise of the orthodox heating 
theorists. 


°47-—Adaption to American market 
of two-chamber aluminum induction 
melting furnace developed in Ger- 
many during World War IT. 


°48—Development of world’s first 
high frequency method for measuring 
carbon and sulphur in steel. 


°49-——World’s largest copper brazing 
furnace (200 ft. long, 7000 Ibs. per 
hour each) installed for Power Glide 
Transmission. 


’53—Development of a ceramic 
coated alloy vertical radiant tube for 
fast heat release in relatively short 
length for carbonitriding and carbu- 
rizing applications. 


*54—First comprehensive set of dew 
point equilibrium curves released to 
accurately control carbon potential 
in endothermic atmospheres. 


During this period many minor in- 
surrections occurred, such as the “‘L”’ 
type furnace for high speed steels, 
the “iron lung” for bright treating of 
stainless, trouble free high frequency 
electronic generators, etc., etc. 


We shall continue to revolt against 
the ordinary and the mediocre. That 
problem which is bothering you may 
at this minute be raising the white 
flag of surrender in the laboratories 
and testing shops at the Lindberg 
Engineering Company. 


LINDBERG FURNACES 


LINDBERG ENGINEERING COMPANY 
2448 W. Hubbard Street, Chicago 12, Illinois 
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HAVE THE ANSWER! 


In HUNDREDS of plants, you'll find 
Weldco equipment all along the pickling line. For 


Weldco products are made of corrosion-resisting, 
hot rolled metals, which withstand attack from hot 
acids and other pickling solutions. They are strong 
yet lightweight, wear-resistant, durable, and long- 
lasting. You get all these advantages when you 
specify Weldco hooks, mechanical picklers, crates, 


baskets, racks, chain, steam jets, and accessories. 


Weldco offers a complete, well-designed line of 


pickling equipment ... plus the services of our 
experienced staff. Let Weldco engineers take care of 
all your pickling needs. For any problem, large or 


Weldco Mechanical Bar Pickler 


small, they have the practical, cost-cutting answer. 


Weldco 


Mechanical 
Coil a 
Pickler 


THE YOUNGSTOWN WELDING 
& ENGINEERING COMPANY 


2720 GARWOOD AVE. YOUNGSTOWN 8, OHIO 
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SWEDISH STEELMAKER STILL GOING STRONG 


two basic resources: high-grade Swedish ore, over 200 years’ experience 


Uddeholm is one of Sweden’s leading pro- 
ducers of fine steels. Although an iron works 
was set up at Uddeholm as early as 1668, the 
company got its real start in the 1700s. The 
growth that began then still continues. Today, 
Uddeholm owns mines, ferro alloy works, and 
modern mills, as well as power stations to run 
them and railroads to connect them. 


Impressive, yes. But for the fine quality of 
Uddeholm steels two other factors are more 
important: the natural purity of the ore we use 
and the craftsmanship and skill acquired in 
over 10 generations of specialty steelmaking. 


Uddeholm Swedish steels are marketed in the 
United States by The Uddeholm Company of 
America. Stocks are carried in New York, 
Cleveland, and Los Angeles. 

TOOL AND DIE STEELS: an unusually wide 
range of sizes for both hot and cold work 
applications. 

COLD-ROLLED STRIP: clock spring, bandsaw, 
flapper valve, thickness gauge, razor, and 
many other types, in many sizes and finishes. 

WRITE FOR TOOL STEEL STOCK LIST 
OR FOR MONTHLY LIST OF COLD-ROLLED STRIP. 
NO OBLIGATION, OF COURSE, 


= UDDEHOLM COMPANY OF AMERICA, INC. 


Tool and Die Steels 


New York City: 155 East 44th Street, MUrray Hill 7-4575 
Cleveland: 3756 Carnegie Avenue, HEnderson 1-7440 
Los Angeles: 5037 Telegraph Road, ANgelus 2-5121 


Specialty Strip Steels 
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When you compare the extremely fine grain 
of new Du Pont 510 Industrial X-Ray Film... 


With that of regular, screen-type film... 


Photomicrograph of grain of Du Pont Type 510 


Very Fine Grain Industrial X-ray Film. 


Photomicrograph of grain of regular 
screen-type film. 


YOU SEE WHY TYPE 510 MEANS 
NEEDLE-SHARP, EASIER-TO-INTERPRET RADIOGRAPHS 


A simple comparison, with a promise: 
you can expect clear, well-defined 
radiographs with Du Pont Type 510 
Very Fine Grain Industrial X-ray 
Film. Featuring finest grain and 
high contrast, new Type 510 can be 
used in both direct exposure and 
with lead screens. It provides fine 
definition where fast emulsion speed 
is not a requisite, and offers to the 
radiographer a film for use in the 
most critical examinations. On thin 
sections of low-opacity materials 
(aluminum and magnesium) at low 
voltages . . . or heavy steel parts at 
high voltages .. . you can get uni- 
formly excellent results that simplify 
interpretation. 

Type 510 offers contrast that in- 
creases constantly as density in- 
creases, and its blue base makes film 
reading easier. So, whether you check 
plastic or thick steel, quality radio- 
graphs are assured! 

Rugged Type 510 Film resists 
abrasion and scratches, minimizing 


problems of rough handling and 
“rush”’ processing . . . and it provides 
dependable, uniform speed. Where 
finest sensitivity is essential, why not 
try this new film? You'll find it helps 
guarantee easy-to-interpret radio- 
graphs, simplifies operations, and 
cuts costs all along the line. Conven- 
iently packaged in 100-sheet N.1.F.* 
boxes, this super-fine-grain film 
comes in all standard sizes. On your 
next order, specify: Du Pont Type 
510 Very Fine Grain Industrial 


X-ray Film. And for technical as- 
sistance on any testing job, contact 
the Du Pont representative in your 
area, or write: E. I. du Pont de 
Nemours & Co. (Inc.), Photo Prod- 
ucts Department, Wilmington 98, 
Delaware. Jn Canada: Canadian 
Industries, Ltd., Montreal. 


PROCESSING: T'ype 510 Very Fine Grain 
Industrial X-ray Film is normally developed 
for 8 minutes at 68°F. For superior resulta, 
use solutions prepared from Du Pont Liquid 
Concentrated X-ray Developer or Du Pont 
“Xtra-Fast"’ Powdered X-ray Developer. 

* Non-I nterleaved Film 


X-RAY FILM 


Du Pont Radiographic Products 


CHEMICALS 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


« “PATTERSON” SCREENS 
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THERE 1S A SUNBEAM STEWART INDUSTRIAL FURNACE FOR EVERY NEED 
= GAS ELECTRIC + OIL 


MODERN 


HARDENING, QUENCHING 


EQUIPMENT MAY BE THE 
ANSWER TO YOUR PROBLEM 


Sunbeam engineers can help you keep pace with modern , 

production methods. Replacement of obsolete or inefficient GAS CARBURIZING AND 
heat treating equipment with an automatic Sunbeam CARBONITRIDING UNITS 
installation reduces costs, improves quality, pays for itself 

in a short time. 


Our staff of furnace engineers will 
recommend the correct equipment to 
meet your production requirements. 


e SURFACE TREATING AND HARDENING— 
Carbonitriding, Carbon Restoration, Carburizing, Cyanid- 
ing, Nitriding and Straight Hardening. 


— 


Annealing, Normalizing, Malleabilizing, Clean Annealing, 
Stress Relieving. 


SINTERING AND BRAZING 
LOWER TEMPERATURES— 


Drawing, Descaling, Oxidation, Solution Treating. 


e ENAMELING AND 
GALVANIZING 


e HEATING FOR HOT- 
FORMING— Soaking, 
Reheating, Forging. 


PORTABLE OVEN FURNACE 


Sunbeam corPoration (industrial Furnace Division) 


Main Office: Dept. 108, 4433 Ogden Ave., Chicago 23—New York Office: 322 W. 48th St., New York 19—Detroit Office: 3049 E. Grand Bivd., 
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7 On this Page are some of the tough “ppli- 
Cations Sandvik Steels are now 5UCCE ss ully 
. handling. They are the best kind of testi. } 
™onial for the “character -. the inherent 
SUTORR BAND SAWS high quality of Sandvik SPring stee), 
3 Lach of these “PPlications demands its 
OF OWD special “ombination of high fatigue 
; VALVES ife, fine Surface finish, accurate and unj 
VALVES form size 4nd specia} Physica} Properties. | 
> In every case, One of Sandvik’, wide Variety 
of steel, fits the requirement, 
Wat : If you fee] that a be 
improve your Product 
* In straight Sarbon ang alloy Grades. 
* Wide range of sizes in Stock _ also slitting be 
“ue Talk over your SPring steo] “pplication with 
@ Sandyij, SPring steo] SPecialise. No 4 
SANDVIk STEEL, INC. 114 EIGHTH NEW YORK any 
WAtking 9-7 180 . 
230 Michigan Ave., Chicage 1, M., FRanktin 2-5638 \ 
1736 Columbus Cleveiang 13, Ohio, CHerry 1.2303 
3609 Otympie Bivd., Los Angete, 23, Cal, ANgeiy, 3-676) 
SANDVIK {TD., P.O. 430, Station 0, Montreal 9, po 
SANDSTEE; SPRING DIVISION New Yor « Industrigs Springs 
SANDVIK Saw TOOL Division New York * sou, 8nd Tool; 


for Joining Metals 


SIGMA WELDING— Automatic, fusion 
welding process. Welds stainless steel 
(series 300) over 's-in. thick. Welds cop- 
per and other non-ferrous metals over 
thick. Makes excellent welds in 
killed carbon steel. Argon protects weld 
zone—consumable electrode. 


“HELIARC’ WELDING — Well suited 
for work on hard-to-weld metals — Argon 
protects weld zone—No flux required 
Welds wide variety of joints in nearly all 
commercial metals up to !s-in, thick. 


‘““UNIONMELT” WELDING — Makes 
strong, sound welds at high speeds in the 
production of pipe, pressure vessels, tanks, 
ships, railroad, automotive and marine 
equipment. Automatic, fast welding. Semi- 
automatic welder is economical main- 
tenance tool. 


OXY-ACETYLENE WELDING, BRAZ- 
ING AND fab- 
rieation of many structures and parts 
made of all metals. Ideal repair tool. 


Linde Air Products Company 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [Tl New York 17,N. Y. 
Offices in Other Principal Cities 
In Canada: DOMINION OXYGEN COMPANY 
Division of Union Carbide Canada Limited, Toronto 


The terms “Linde,” “Heliarc,” and “Unionmelt” are registered trade-marks of Union Carbide and Carbon Corporation. 
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Wanta single 


water soluble cut- 
ting base that will handle 90% of all machining 


“cold cleaner”’ that is 
used at room temperature ...no heat problems, 
freedom from rusting, savings all along the line? 
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HEAT 
TREATING 


about a 


quenching oil 
faster in quenching speed than any oil medium 
yet developed for lean alloy steels? 


Check any item on which 
you wani full information 
++ Sign in the margin of 
this page . end mall fe 
303 W. Lehigh Ave., Phile- 
delphic. 33, Pu. 


lew Processing 
the Hought 


mere of produ: 


Capetity 


Like the latest 


data on compounds 


that ease the draw and simplify today’s complex 
forming operations? 


CASHING. 


[] Are you look- 


ing for a surer way 
to choose the right core-oil-to- sand combination 
in your foundry operations? 


eT 


RUS: 


[| Or one thin- 


film multi-purpose 
rust preventive that’s the answer 
to most of your rust prevention problems? 
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NEW MODERN, PRECISION BUILT MACHINES , 
FOR THE METALLURGICAL LABORATORY 
ARE DESIGNED BY BUEHLER LTD. 


NO. 1330 SPEED PRESS provides speedy and practical preparation of 
mounted specimens in either opaque bakelite or the crystal clear plastic 
compounds. Stainless steel mold assemblies produce 1”, 114", and 112” 
mountings. 


NO. 1114 SPECIMEN CUTTER with sludge trap, for table top mounting. 
Total enclosed cutting assembly. Specimen holder and adjustable 
clamps on swing arm with operating handle. Enclosed 2 HP ball 
bearing motor. 


NO. 1500 STANDARD POLISHER produces accurately polished speci- 
mens with speed and ease. 8” diameter bronze wheel mounted to 
“4 HP ball bearing motor. Speeds of 550 & 1150 r.p.m. 


NO. 1700 NEW AB ELECTRO POLISHER produces scratch-free speci- 
mens in a fraction of the time usually required for polishing. 
Speed with dependable results is obtained with both ferrous and 
non-ferrous samples. 


NO. 1251 DUO-BELT WET SURFACER is the most modern appa- 
ratus for the flat preparation of metallographic specimens. Two 
belts of different grits travel at speeds of 1600 & 3200 ft.p.m. 


NO. 1511-2 DELUXE POLISHING APPARATUS has convenience 
of desk-top height. Wash bowl, two 12” swing spouts, two 8” 
removable wheels ...one standard 1500 F and one low 

speed 1505-2 F polishing heads. 


SEND FOR CATALOG OF OUR COMPLETE LINE. 


METALLURGICAL APPARATUS 


atl 2120 GREENWOOD STREET 
EVANSTON, ILLINOIS, U.S.A. 
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TOOL and DIE STEELS 
Carmet Sintered Carbides 


CORROSION and HEAT-RESISTANT STEELS 
Warehouse stocks of Allegheny Stain- 
less carried by all Ryerson Steel Plants 


Coming YOu — 
One of the Royal Family of Steel 


Our niche in the economic health of this nation in 
peace, and its defense in war, is to develop and produce 
the high-alloy steels and other special alloys which 


WRITE TODAY 


will do what ordinary metals cannot even approach in 
DUSTRY . . . 16 pages of essen- resisting corrosion, heat and wear, and in performing 
tial data on the proper selection vital electrical and electronic chores. Whenever you 
and application of principal AL have problems in these fields, the place to come ts 
special alloy products: stainless, Allegheny Ludlum Steel Corporation, Oliver Building, 
tool and electrical steels and Pittsburgh 22, Pa. 


sintered carbides. 


2. PUBLICATION LIST ... . a 


‘ond PIONEER in Specialloy Steels 


non-technical (over 100 in all), 


with a handy order form for - 
your convenience. -TESTeo 
ADDRESS DEPT. MP-54 Al leg eny U U m STAINLESS geet 
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the automatic way 
economical way 


better way 


RRAY-WAY 


% 


# 


to POLISH...BUFF...GRIND... FILTER 


Whatever your job . . . whatever your problem . . . Murray-Way auto- 
matic equipment will do that job better and more economically. 


These are just a few illustrations of Murray-Way's success in beat~- 
ing production cost with the finest automatic equipment available. 


You can depend on Murray-Way engineering, Murray-Way experience, 
Murray-Way equipment to solve your production problems. 
A. Micro-Polish—Continuous Strip D. 451 Universo! Polishing Head F. #72 Series Belt Polishing Head 


Polishing Installation —One of Several Standard 
B. Vertical-Platen Conveyor Polishing Heads 6. 


C. Horizontal-Platen Conveyor E. the Automatic, Self-Cleaning, H. Six Micro-Polish Units in Series 
Compact Filter 


P. O. Box 180, Maple Road, E. 
Birmingham, Michigan 
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invisi 


ble guide 


industrial progress 


General Electric apparatus gives you 
fast, accurate, low-cost inspection, 
analysis, quality control, gaging 


OUNDRIES, welding shops, metal- 

lurgical and research laboratories, 
mincs, fabrication and assembly plants 
— cven dairics, breweries, confection 
and milling plants — consider x-ray a 
working partner in producing better 
products at lower costs. 

There are four main groups of x-ray 
apparatus: Radiographic, Fluoroscopic, 
Ditfraction and Gaging. In each, G, E. 
offers you a broad range of quality 
equipment backed by application, sales 
and service enginecrs whose job is to 
make this equipment best serve you 
and your necds. 


X-ray radiography is a proven quality 
control device, help- 
ing to produce better 
products of known 
quality in less time, 
at lower cost. It is 
presently used in 
hundreds of foundry 
and welding shops, 
as well as in various 
assembly and other 
manufacturing Oper- 
ations. 
The proper appli- 
cation of a speanhc 
piece Of X-ray radio- 
graphic apparatus is governed by several 
factors: 
1. Thickness of part to be inspected. 
2. Latitude (relationship of thick and thin 
parts of same object being radiographed ). 
3. Number of parts, feet of welds, etc., to 
ected in any given period 
of the defect which must be seen. 
is a G-E radiographic unit which 
will best fit the above factors, and which in 
turn can be translated in terms of your qual- 
ity control and inspection requirements. Avail- 
able in over 25 different models, the units 
which comprise this full range of equipment 
are presently offered at these voltages: 
140 kvp, 250 kvp, 400 kvp, 1000 kvp, 
2000 kyvp, and 15 mev. 


New radiographic method produces 
great savings inside-out radiography.” 
New equipment of small, lightweight design 
and 360-degree radiation fields has revolu- 
tionized the method of radiographing cylin- 
drical vessels. With this equipment, an enure 


circumferential weld 

can be radiographed 

in one exposure. 

Even radiography of 
lateral welds is speed- 

ed up and simplified. 

Protection problems 

are greatly reduced 

with inside-out radi- 

ography since the 

vessel itself acts as a 

protective barrier 

against stray radia- 

tion. As a result, radiography normally can 
be conducted in the middle of the shop. 


X-ray fluoroscopy is a rapid, inexpen- 
sive method of inspection used to scan a 
product for gross internal defects or abnor- 
mal conditions. Industrial users are generally 
grouped into three categories: light alloy 
castings, miscellaneous assemblies and food 
products. Among the specific items now he- 
ing inspected are aircraft castings, shoes, 
rubber heels, electrical and ordnance compo- 
nents, contectionery products, citrus truits 
and other manufactured items. This inspec- 
tion assures a uniform product and prevents 
defective material from reaching the customer. 

Quality control, as exemplified by x-ray 
fluoroscopy, assists in the reduction of 
product cost, elimination of the cause of 
rejects and improvement of the product. 

In the light alloy field, the major users 
of fluoroscopy are in the aircraft: industry. 
They use fluoroscopy to screen certain alumi- 
num castings before submitting the lot to the 
radiographic test prescribed by the aircraft 
inspection code. This screening eliminates 
castings with gross defects and assures the 

casting supplier of mect- 
ing the acceptance test. 
Light alloy foundries 

— and die casters also use 

we fluoroscopy for quality 
control on casting tech- 
nics. 

Size of the defect 
which can be seen flu- 
oroscopically is about 6 
to 8 percent of the total 
thickness... with stand- 

ard commercial equipment. With special 
screens now available and small focal spot 


tubes (less than 1 mm) sensitivities of 3 
percent have been reported 

General Flectric has fluoroscopic equip 
ment available in both conveyor and cabinet 
type housings. Completely selt-protected, 
these units can be used anywhere in the 
shop or plant 


X-ray diffraction methods are time- 

saving, accurate and 

non-destructive. In 

conjunction with 

fluorescence imstru- 

ments, they are cap 

able of solving a 

multitude of analy- 

tical problems. Or- 

ganic and morganic 

compounds can be 

studied qualitatively 

and quantitatively. 

Arrangement of 

atoms and molecules 

in a crystal can be determined. The behavior 

of compounds under various temperatures 

can be examined, Orrentation of particles in 

drawn wires and rolled metal sheet is ex 

amined by diffraction, as are phases in alloys 
The use of x-ray diffraction is becoming 

increasingly widespread. The chemical, steel, 

mining, oil, glass and automobile industries 

— to name just a few 


are presently using 
x-ray diffraction. 


Automatic gaging — To speed up in 
spection and keep pace with ever-increasing 
production rates, automatic gaging using 
x-rays or simular radiation IS providing 
the answer to many production problems. It 
climinates the necd for visual inspection and 
the comcident possibility of operator error 

Successful application of this method has 
been made in a wide variety of fields, in 
cluding: Thickness or density monitoring; 
checking the fill of liquids or free-flowing 
solids in Opaque contamers; mdicating, the 
concentricity of rods, the 
preseme absence 4 component in an 
assembly. 


X-ray is doing so many things for 
so many industries. Vo tind out how it 
can help you, call the G-E x-ray representa 
tive near you, or write X-Ray Dey irtrment, 
General Llectric Cor pany, Milwaukee l, 
Wisconsin, Room 


Progress is our most important product 


GENERAL 


ELECTRIC 
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Safer Mine Sweeping . - » New Challenge to Metallurgy 


The Problem: Highly corrosion-resistant 
Stainless Steel — weldable — 100% 


Non - Magnetic 
Waukesha No. 347 
(Columbium Stabilized) 
STAINLESS STEEL 


Non-Magnetic . . . for new rigid stand- 
ards on a great new fleet of mine 
sweepers. 


Ordinarily, Stainless Steel poses little dif- 

ficulty in casting, to the skilled metallur- 

gist. But combine the demands of high 

stability, weldability, and low permeabil- 

ity, and the simplest casting is a highly 

involved laboratory project, both its 
original specifications and in 
final production. 


call 


The problem was solved ef- 


fectively with a special adaptation of 
Waukesha No. 347, columbium stabilized 
Stainless Steel, in a formula that was made 
weldable without heat treating, and pro- 
duced with a non-magnetic permeability 
of less than 2. 


Have You A Castings Problem ? 


Here's your opportunity to prove Wauke- 
sha Metallurgical service in the most dif- 
ficult alloys — to your profit! Just send 
us a pattern for sample casting and 
make your own tests. Or write for booklets 
containing up-to-date details on Waukesha 
Stainless Steel and “Waukesha Metal”. 


WAUKESHA FOUNDRY CO. 


5404 LINCOLN AVE. 


WAUKESHA, WISCONSIN 


for Metallurgical Aid in Every Corrosion-Resistant Alloy 
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AIR DRAW FURNACES — Many automatic 
control features. Easy to operate. Top heat- 
ing efficiency. Easily controlled within close 
temperature limits. Complete flame failure 
protection. Standard basket sizes up to 42” 


NEW DOUBLE-CHAMBER DRY-HEARTH 
REVERBERATORY FURNACES—For contin- 
vous ting of alumi , and precision 
die cast work. High output. Separate hold- 
ing and melting baths. Bath capacities to 


NEW TILTING REVERBERATORY FURNACES 
For melting brass, iron and aluminum. 
Many new production and metallurgical 
advantages. Low fuel cost. Power or hand 
tilting. Beth capacities from 300 to 4400 


dia. Bulletin D-9. 1500 Ibs. Bulletin C-80. Ibs. Bulletin C-90. 


SIX ECLIPSE FURNACES... PACE-SETTERS 
FOR HEAT-TREATING AND METAL MELTING 


Eclipse builds a complete line of standard furnaces and their individual 
combustion assemblies ...for gas, oil, or combination gas-oil firing . . . 
assuring you latest design, top heating efficiency, and one-compony re- 
sponsibility for a furnoce properly engineered to your job. Send coupon 
for details, today. 


Eclipse Fuel Engineering Co. 

1127 Buchanan St., Rockford, Ill. 

Gentlemen: I'm interested in learning more about Eclipse 
Furnaces... 

| Please send Furnace Bulletin No. 


| | Please send Bulletin D, covering your complete line 


CALL YOUR ENGINEER Firm Name ___ 
Individual 


Address 


Eclipse Fuel Engineering Co., Rockford, Illinois 
Eclipse Fuel Engineering Co. of Canada, Ltd., Toronto, Ontario 


City 
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FURNACES—Over 40 different sizes, POT FURNACES—Blas! or atmospheric FORGES—Rod-end ond slot-type forges for 
up'to 48” x 120” hearth size. Fast heat-up. _ fired, circular or rectangular type. High com- variety of drop forge and light hammer 
nomical to operate. Temps. from 450° to temperature control. Low maintenance. types. Special forges built to your 
2000° F. Bulletin D-7. Complete range of sizes. Bulletin D-50 ments. Bulletins E-1 and E-3. 
de 
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No other metal combines all the properties of 
Straits Tin. No other metal can do so many 
different kinds of jobs so economically and 
so well. 

Because it is corrosion-resistant, nontoxic and 
tasteless, tin is a perfect metal for the packaging 
of food. Today more than 400 different food 
products come in tin cans. Currently, more than 
half of the tin for these cans is Straits Tin 
from Malaya. 


Because it wets metals readily, flows easily, 
adheres firmly, and has a relatively low melting 
point (450 F.), tin is the key component of sol- 
der. And tin-rich solders are the best and most 
eflicient means for making corrosion-resistant, 
impermeable, electrically conductive joints at 
low temperatures. 


A unique combination of properties makes 
Straits Tin a particularly useful component of 
bronzes. Tin hardens and strengthens copper 
twice as effectively as zinc, and provides much 
better resistance to corrosion. 


Because of its antifriction qualities, resistance 
to corrosion, conformability, and good em- 
bedding characteristics, tin is invaluable in 
bearing metals. Without tin-base or tin alloy 


MALAVYAN 


METAL PROGRESS; PAGE A-56 


The Properties 
Straits Tin 


A new booklet, “Straits Tin: A Most Useful Metal for Ameri- 
can Industry,” tells a factual and intriguing story of the many 
new ways tin can be used today. A copy is yours for the asking. 


THE MALAYAN TIN BUREAU 


Dept. 96, 1028 Connecticut Ave., Washington 6, D.C. 


bearings, the wheels of industry could not turn 
so smoothly and efficiently. 


And Straits Tin is not only one of our most 
useful metals. It is now fast becoming one of 
our most valued chemicals. Tin in chemical 
compounds — stabilizers, opacifiers, antioxi- 
dants, preservatives — is contributing greatly 
in the competitive race for improvement in 
products from plastics and the new chlorinated 
rubber paints to ceramics, sensitized paper — 
now even jute bags. 


Take a New Look at Straits Tin 


Over one-third of the world’s tin is mined and 
smelted in Malaya. Known as Straits Tin, this 
metal is over 99.87°7 pure, and is world-famous 
for its absolute reliability of grade. 


Today new uses for Straits Tin are making 
it more valuable than ever to American indus- 
try. And continuing research will, in the near 
future, find still more ways in which Straits Tin 
can serve you. Whether you're planning a new 
product, improving an old one, or seeking ways 
to avoid the squeeze between rising costs and 
resistance to higher product prices, a careful 
reappraisal of the properties of Straits Tin may 
uncover a profitable answer to your problem. 


TRAITS TIN 
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FOREWORD 


Thus is the First Supplement to the 1948 edition of the Metals 


Handbook and will greatly increase the serviceability of the original 
volume, which has won such an enviable place in the metal world. 

The members of the Metals Handbook Committee have studied 
the 1948 edition and selected the sections in which the greatest advance- 
ment has been made and have determined the desirability of presenting 


new and additional material and information in this Supplement. 


After these sections were determined and a survey made of the 
latest advances, 22 author committees were appointed by the main 
committee, and for the past year, under the direction of Taylor Lyman, 
Editor of the Metals Handbook, and Carl H. Gerlach, ASM Staff 
Engineer, these capable and conscientious committeemen have been 
giving their time and assistance in compiling the technical information 


for this volume. 


It has been by the faithful work and cooperation of the members 
and others that the Society has been able to make the progress it has in 


the production of this world-recognized volume of the Metals Handbook. 


The Board of Trustees wishes to take this opportunity to express 
its most sincere appreciation to all the committeemen and members of 
the ASM who have so graciously contributed to the assembly of the in- 


formation contained in the reports of the various Committees. 


JAMEs B. Austin 


President, American Society for Metals 
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Look for the symbol of positive identification 


sure your Alloy Steel 


Every bar of Ryerson Alloy Steel has its mark. 
This permanent identification is placed on 
each bar only after the analysis of each care- 
fully selected heat is verified, and spark test- 
ing has double-checked against mixed steels. 
For further protection, each bar is color- 
marked to identify type and heat. 

Meanwhile, we test a sample of every heat 
for hardenability and interpret the test results 
for you. 

When we receive your order, tested steel — 
racked separately by heats—is taken from 
stock, given a final inspection and shipped to 
you quickly. And with your steel you receive 
chemical analysis and complete test data to 


verify quality and guide heat treatment. 

Only Ryerson protects your alloy purchases 
with this 8-step quality control. And, this 
protection is yours at no extra cost. So, when 
you need alloy steels—and every other type 
of steel—be sure—call your nearby Ryerson 
plant. 


PRINCIPAL PRODUCTS 


CARBON STEEL BARS — Hot STRUCTURALS — Channels, 
rolled & cold finished angles, beams, etc. 
ALLOYS—Hot rolled, cold PLATES—Many types including 
finished, heat treated Inland 4-Way Safety Plate 
STAINLESS— Allegheny bars, SHEETS—Hot & cold rolled, 
plates, sheets, tubes, etc. mony types & coats 

TUBING— Seamless & welded, REINFORCING— Bors & Acces- 
mechanical & boiler tubes sories, spirals, wire mesh. 


RYERSON STEEL 


JOSEPH T. RYERSON & SON, INC, PLANTS AT; NEW YORK + BOSTON © PHILADELPHIA * CHARLOTTE, N. C. » CINCINNATI + CLEVELAND 
DETROIT + PITTSBURGH + BUFFALO + CHICAGO + MILWAUKEE « ST. LOUIS * LOS ANGELES + SAN FRANCISCO + SPOKANE « SEATTLE 
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The Selection of Constructional Steels 


By the ASM Committee on Carbon and Alloy Steels 


THE steels considered here are those 
carbon and alloy steels used in the 
general construction of machinery, both 
stationary and mobile. Excluded are 
steels with special properties, fre- 
quently highly alloyed, such as _ tool 
steels, steels for electrical or magnetic 
purposes, steels for service at extremely 
low or high temperature and for cor- 
rosion resistance. 

A steel for any particular use is 
properly selected when the result is a 
part that will satisfy the engineering 
use at the lowest final cost. Many fac- 
tors enter into such a selection, prin- 
cipally the mechanical and physical 
properties required to satisfy the engi- 
neering use, the cost of processing, the 
processing equipment required and its 
availability, and the cost and avail- 
ability of the steel. Since these factors 
vary widely, the correct choice of steel 
for any set of conditions is the one that 
provides the best balance among all the 
factors. Thus, a categorical selection of 
steel for a certain type of part is im- 
practical. The successful use through- 
out industry of different steels for sim- 
ilar parts is ample evidence of the com- 
plexity of the problem. 


Engineering Considerations 


The properties required to meet en- 
gineering use are always the first con- 
sideration because this need immedi- 
ately determines an important part of 
the final cost. The basic problem is to 
find the steel that has the required 
minimum mechanical and physical 
properties that will give satisfactory 
service; the load-carrying ability and 
the shock, abrasion and corrosion re- 
sistance of the steel must be matched 
with the service requirements of the 
part, multiplied by a reasonable factor 
of safety. Seldom are all the proper- 
ties of a material of equal importance 
in any one application. The problem 
consists of determining which of the 
properties are important and then se- 
lecting the material that provides those 
properties at the lowest final cost. In 
addition to having the required favor- 
able properties, the steel must be free 
from unfavorable properties that would 
preclude its use. 

In determining the properties re- 
quired, a reasonably accurate knowl- 


Major Subdivisions 
Page 

Engineering Considerations. 1 
Fatigue 
Brittle Failures 
Hot Rolled Steels 
Cold Drawn Steels 
Low-Alloy Steels ... 
Hardenable Steels .......... 
Selection Procedure 
Similarity of Tensile 

Properties 
Steels for Case Hardening 
Availability of Steels . 
Plant Standardization 


Hardenability Bands 
for H-Steels . 


edge of the service conditions, obtained 
from design calculations, from past ex- 
perience or from actual test of the ap- 
paratus, is essential. Best of all is a 
combination of information from all 
these sources. 

When considering mechanical re- 
quirements, attention should be di- 
rected first to the type of loading. If 
it is static or if the frequency of load 
application during the expected life is 
so low that fatigue can be neglected, 
then the governing property is the 
yield strength for all ordinary appli- 
cations. For those rare applications 
where no permanent deformation what- 
ever is allowable, design must be based 
on the more precisely determined pro- 
portional limit, which is always lower 
than the yield strength. The parts 
where yield strength and proportional 
limit apply are usually static parts in 
Static machines. 

The stresses resulting from the 
known static loads can be computed 
from the relationship between load and 
section modulus, and the steel can be 


Supplements those sections of the 
1948 Metals Handbook relating to 
alloy steel (pages 453 to 488) and 
hardenability (pages 489 to 502) 


selected from a consideration of the 
strength-weight ratio desired in the 
design and from the yield strength of 
steels. To this must be added judicious 
allowances for overloads that is, a 
factor of safety. This completes the 
selection so far as calculations are con- 
cerned and is usually as far as the 
process can be carried if only one or 
a few parts are to be made. A con- 
servative approach is the rule, because 
there is no opportunity for further re- 
finements. Design and _ selection so 
based often fall short, either because 
of excessive weight (overdesign) or in- 
sufficient strength (underdesign). Pre- 
vious experience with something simi- 
lar often yields valuable information, 
and prudent engineers always draw 
upon such experience whenever it is 
available, so as to refine a design or 
material selection beyond the possibili- 
ties of calculation alone. 


Fatigue 


Even in parts designed for predomi- 
nantly static loading, the engineer must 
be alert to conditions in which externa! 
cyclic loading, of even a small number 
of cycles, may produce a fatigue prob- 
lem. Such problems arise when the 
part is designed with a low section 
modulus in the direction of maximum 
stress. Under these conditions the part 
experiences high flexure under load 
and may fail from fatigue after no 
more than a few hundred cycles. Such 
failures arise most frequently when 
soft (not heat treated) steels are used 
Here the fatigue limit approaches the 
yield strength. If the part is designed 
statically with a low factor of safety 
there will be an equally low factor of 
safety in fatigue. Because of stress: 
raisers, a dynamic load can easily ex- 
ceed the fatigue limit. If applied often 
enough, the dynamic load will cause 
faticue failure. 

When the loading is predominantly 
dynamic, fatigue resistance of the part 
becomes the primary consideration. All 
known cyclic stresses must be totaled 
and the total appraised Unfortu- 
nately, the loads are usually difficult, 
and frequently impossible, to deter- 
mine with even reasonable accuracy 
Furthermore, the effect of sudden 
changes of section of any kind (stress 
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raisers) is so great that accurate math- 
ematical evaluation is difficult. This 
is an important difference between 
static and dynamic applications. Final- 
ly, the fatigue limits of steels cannot 
be determined so precisely as the other 
mechanical properties. The fact that 
most failures of dynamically loaded 
parts are from fatigue is ample evi- 
dence that, in spite of the attention 
given this phase of design, it remains 
an area of many uncertainties. 

The risk is minimized, first, by draw- 
ing on past experience and, second, by 
testing experimental models. Such 
testing, in either laboratory or field, 
is used to prove the design and mate- 
rial selection and to obtain refine- 
ments beyond the possibilities of cal- 
culations alone. Products scheduled 
for high production are almost in- 
variably so tested, because of the high 
cost of correcting poor design or mate- 
rial selection after the part is in pro- 
duction. The modern passenger auto- 
mobile or truck would be impossible 
without such testing. The process is 
being applied vigorously to more prod- 
ucts as time goes on, and the impor- 
tance of adequate life testing of both 
parts and complete machines under 
actual conditions of operation cannot 
be overemphasized. 

The fatigue limit of steels, both 
wrought and cast, may be determined 
directly by well established laboratory 
test methods (page 118, 1948 Hand- 
book), and a sufficient amount of such 
testing has been done to establish the 
fundamental behavior of steels in 
various conditions. It has been found 
that the fatigue limit of steel is more 
closely related to the tensile strength 
than to any other property. The ratio 
of fatigue limit to tensile strength 
varies with the condition of the steel, 
being about 50% for unhardened steels 
and about 45°) for hardened steels. 
The ratio drops slowly as hardness in- 
creases but, more important, the sen- 
Sitivity to stress raisers increases as 
hardness rises (see “Stress Concentra- 
tion”, page 97). It is because of these 
variations that most tables of mechan- 
ical properties of steels do not list 
fatigue limits. 

Although fatigue data indicate cor- 
rectly what the steel will do in a lab- 
oratory testing machine, they do not 
indicate what the part will do in serv- 
ice when made of that steel unless the 
part has the same careful design and 
surface finish as the fatigue test speci- 
men. Since such conditions are rare, 
a suitable steel often gives a poor per- 
formance because of poor design or 
finish of the part, often both. In prac- 
tical terms this means that the most 
suitable fatigue test specimen is the 
part itself under actual or realistically 
simulated operating conditions. When 
failures result, the proper order of 
consideration is: first, finish; second, 
design and, last, material. The material 
is often the easiest to change, and 
engineers too frequently specify costly, 
high-strength materials with indiffer- 
ent success when a rational change in 
finish or design or both would com- 
pletely correct the trouble at less cost 
and might even permit the use of a 
less costly material than originally se- 
lected An excellent practical refer- 
ence on this subject is “Prevention of 
Fatigue in Metal Parts”, by the staff of 
Battelle Memorial Institute, John Wiley 
& Sons (1941). 
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Brittle Failures 


The next consideration from an engi- 
neering standpoint is insurance against 
brittle failure. Complete absence of 
failure is always desired but if failure 
must come, then ductile failure with 
its prior warning, as by bending or 
twisting, is much to be desired over 
brittle failure, which occurs without 
warning. Brittle failure may occur 
under substantially static conditions 
(low strain rate) or under shock (high 
strain rate). In spite of much labora- 
tory testing of notched bars, there are 
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rarely any quantitative values which 
have been established as unsafe for a 
particular service. 

Calculations provide almost no help 
whatever. Actual parts or structures 
should be tested under actual or closely 
simulated service conditions wherever 
possible. For most usual applications, 
the commonly used steels have ade- 
quate toughness and selection is made 
accordingly. Only the exceptional ap- 
plications require special attention—for 
instance, service at subzero tempera- 
tures, extremely high strain rate such 
as ballistic shock, or structures in which 
there is a high degree of restraint, as 
in some weldments. Of these, only the 
last is within the scope of this article. 

Conventional tension testing provides 
no dependable measure of this behavior 
of steels. Percentage elongation and 
reduction of area are often considered 
an indirect measure of toughness at 
low strain rate. Actually they are 
measures of ductility, which is one of 
the aspects of steel quality. These 
values may be an indication of tough- 
ness of the part when the stress is uni- 
axial but when the stress system is 
more complex their usefulness for this 
purpose disappears. These values ap- 
pear in specifications as measures of 
steel quality, as a result of accumulated 
experience to the effect that, in a par- 
ticular application, steel possessing cer- 
tain minimum values for ductility has 
been found satisfactory. This type of 
information is not, however, a specifi- 
cation for toughness for that service. 


rates, 
usually called shock resistance or im- 
pact resistance, is most often measured 
by one of the notched-bar tests, dis- 
cussed in the article on page 112 of the 


Toughness at higher strain 


1948 Handbook. The section in that 
article on interpretation of results 
should be kept clearly in mind when 
selecting a steel for service involving 
shock; the gist of it is: there is no 
generally established relationship be- 
tween notched-bar test values and the 
minimum requirements for any par- 
ticular service. It obviously follows that 
such test values properly appear in 
specifications only when the _ specific 
needs of a particular service have been 
established. 

An example of this lack of relation- 
ship can be found in the leaves of an 
automobile rear spring. The spring 
must withstand shock and one might 
assume that the leaves must have high 
notch toughness. Actually the hard- 
ness is about 400 Brinell and the notch 
toughness about 10 ft-lb, a normal 
value for that hardness but still low for 
energy absorption in a test bar. The 
ability of the spring to resist shock is 
provided in the design, and notch 
toughness for the steels normally used 
is not a controlling factor, even though 
the loading is primarily one of shock. 

The true significance of tests con- 
ducted at high strain rate lies in their 
ability to demonstrate the degree to 
which metal can deform under service 
conditions. If it can deform enough to 
fail with a tough fracture it will ab- 
sorb more energy —that is, withstand 
heavier shock —than if it fails with a 
brittle fracture. To the variables affect- 
ing this behavior ‘(metallurgical history 
of the material and service temperature, 
as discussed on page 112 of the 1948 
Handbook) should be added a design 
consideration, the degree of restraint 
in the structure. 

If a series of notched-bar tests is 
run on a steel at different tempera- 
tures, it will be found that within a 
relatively narrow temperature range 
the fracture will change from tough to 
brittle as the temperature falls. In 
this range, the energy absorbed in 
breaking the bar will drop as much as 
80° (Fig. 1). This transition tempera- 
ture range is affected by many factors: 
Killed steels show lower transition 
temperatures than semikilled or rimmed 
steels; in low-carbon steels, not heat 
treated, a minimum manganese con- 
tent is helpful in preventing high 
transition temperatures. Normalized 
steel is superior to hot rolled. Best 


4140 
Tem pered to, 
75 +1020 + 
5 Killed, 
As Rolled 
5 1025 
-Killed, 
£5 As Rolled 
300 -200 100 O 100 200 300 
Temperature of Testing, deg Fahr 
Fig. 1. Impact Curves Showing 


Transition from Ductile to Brittle 
Fracture for Three Steels. (1) 4140, 
tempered martensite, Rockwell C 28; 
(2) Fully-killed 1020, as rolled; (3) 
Semi-killed 1025, as rolled 
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Table I. Composition Limits of Carbon Steels 


(Applicable only to semi-finished products for forging, hot rolled and cold finished 
bars, wire rods and seamless tubing) 


AISI No S Mn P (max) S (max) SAE No 


Basic Open Hearth and Acid Bessemer Carbon Steels'*' 


0.08 max 0.25 to 0.40 0.040 0.050 
"1008 0.10 max 0.25 to 0.50 0.040 0.050 
"1010 0.08 to 0.13 0.30 to 0.60 0.040 0.050 
"1011 0.08 to 0.13 0.60 to 0.90 0.040 0.050 
"1012 0.10 to 0.15 30 to 0.60 0.040 0.050 


"1015 0.13 to 0.18 
"1016 0.13 0.18 
“1017 0.15 0.20 
"1018 0.15 0.20 
"1019 15 


"1006 1006 


1008 
1010 


1015 
1016 
1017 
1018 
1019 


0.050 1020 
0.050 1021 
0.050 1022 
0.050 
0.050 


30 to 0.60 
60 to 0.90 
30 to 0.60 
60 to 0.90 
0.20 70 to 1.00 


0040 
0.040 
0.040 
0.040 
0.040 


0.040 
0.040 
0.040 
0.040 
0.040 


0.050 
0.050 
0.050 
0.050 
0.050 
"1020 0.2: 
"1021 0.2: 
*1022 0 

1023 2 0.2: 
11024 
"1025 2% 0 

1026 

"1027 

*1029 

1030 


* 1032 


30 to 0.60 
60 to 0.90 
70 to 1.00 
30 to 0 60 
35 to 1.65 1024 
1025 
1026 
1027 


30 to 0.60 
60 to 0.90 
20 to 1.50 
60 to 0.90 
60 to 0.90 


0.040 
0.040 
0.040 
0.040 
0.040 


0.050 
0.050 
0.050 
0.050 


0.050 1030 


60 to 0.90 
70 to 1.00 
60 to 0.90 
20 to 1.50 
70 to 1.00 


0.040 
0.040 
0.040 
0.040 
0.040 


0.040 
0.040 
0.040 
0.040 
0.040 


0.040 
0.040 
0.040 
0.040 
0.040 


0.040 
0.040 
0.040 
0.040 
0.040 


0.050 
0.050 
0.050 
0.050 
0.050 


1033 
1035 
1036 


"1035 
"1036 
"1037 
"1038 60 to 0.90 
"1039 70 to 1.00 
"1040 HO to OF 

"1041 < 4 35 to 1.65 
"1042 to Of 


"1043 7 tol 
"1045 HO to OS 
"1046 Wtol 
"1049 to O04 
"1050 to Of 


*1052 20 to 15 
"1053 tol 

*1055 to OF 
* 1060 HOto OF 
"1065 60 to OF 
"1069 
*1070 
“1072 
*1075 
"1078 
"1080 
"1084 
"1085 


0.050 
0.050 1039 
0.050 1040 
0.050 
0.050 1042 


1043 
1045 
1046 
1049 
1050 


1052 


1038 


0.050 
0.050 
0.050 
0.050 
0.050 


0.050 
0.050 
0.050 
0.050 
0.050 


1055 
1060 
1065 


40 to 0 

60 to 0.90 
00 to 1.30 
40 to 0.70 
30 to 0.60 


H0 to OF 

O70tol 
0.30 to 0.5 
0.60 to 04 


0.30 to 0 0.040 
0.30 to 0.60 0.07 to 0.12 


Basic Open Hearth Resulfurized Carbon Steels” 


08 to 0.13 0.50 to 0.80 0.040 008 to 0 
to 0.13 0.60 to 0.90 0.040 008 to 0 
to 0.13 0.30 to 0.60 0.040 0.08 to 0 

0.16 1.00 to 1.30 0.040 0.24 to O03: 
0.18 0.60 to 0.90 0.040 0.08 to 0 


0.20 1.10 to 1.40 0.040 0.16 to 0.25 
0.20 1.00 to 1.30 0.040 0.08 to 0 
0 1.30 to 1.60 0.040 008 to 0 
02 1.00 to 1.30 0.040 0.2410 
0.2: 0.70 te 1.00 0.040 0.08 to 0 
02 0.60 to 6.90 0.040 0.08 to 0 
oO: 1.35 to 1.65 0.040 008 to 0 
0.36 1.35 to 1.65 0.040 0.08 to 0 
0 70 to 1.00 0.040 008 to0 
0 70 to 1.00 0.040 0.08 to 0 


O46 35 to 1.65 0.040 008 to 0 

0 35 to 1.65 0.040 024 

0.4 70 to 1.00 0.040 00410007 

0 70 to 1.00 0.040 008 to 013 
5 to 0.52 70 to 1.00 0.040 0.04 to 0.07 


0.48 to 0.55 0.70 to 1.00 0.040 0.08 to 0.13 
Basic Open Hearth Rephosphorized and Resulfurized Carbon Steels’ 


0.13 max 0.60 to 0.90 007to012 O08to 0.15 
0.13 max 0.70 to 1.00 007t0012 0.16to 023 
0.13 max 0.70 to 1.00 O07 t0o012 02410033 


Acid Bessemer Resulfurized Carbon Steels” 


0.13 max 0.60 to 0.90 0.07 t0012 0.08 to 0.15 
0.13 max 0.70 to 1.00 O07 to012 0.1610 0.23 
0.13 max 0.70 to 1.00 0.07 to 0.12 0.24 to 0.33 


(a) Basic open hearth carbon steels: When silicon is required the following ranges 
are commonly used up to grade C1015, exclusive, 0.10% max; grades C1015 to C1025, 
inclusive, 0.10% max, or 0.10 to 0.20%, or 0.15 to 0.30% If required, copper may be 
specified as an added element 

(b) Basic open hearth resulfurized carbon steels: When silicon is required the fol- 
lowing ranges are commonly used--up to C1113, exclusive, 0.10% max; C1113 and over, 
0.10% max, or 0.10 to 0.20°7, or 0.15 to 0.30% 

(c) Basic open hearth rephosphorized and 
common practice to specify silicon lhmits 

(d) Acid bessemer resulfurized carbon steels are not produced to specified silicon 
content. (Silicon is normally very low--001 to 0.02%.) 


0.040 
0.040 
0.040 
0.040 
0.040 


0.040 
0.040 
0.040 
0.040 
0.040 


0.050 
0.050 
0.050 
0.050 
0.050 


0.050 
0.050 
0.050 
0.050 
0.050 


0.050 
0.060 


1070 


72 to 085 
5 to 0.88 
10 0.93 
to 0.93 
"1086 2 to 0.95 
*1090 5 to 0.98 
"1095 90 to 1.03 
31010 13 max 


1078 
1080 
1085 


1086 
1090 


1095 


& Ww 
= 


resulfurized carbon steels It is not 


values are obtained from steels fully 
quenched and tempered 

Increasing degree of restraint in a 
structure can change the fracture from 
tough to brittle. As loading changes 
from axial through bi-axial to tri-axial, 
a steel may, at constant temperature, 
show a change from tough to brittle 
behavior. The increasing use of welded 
construction with its many opportuni- 
ties for producing multi-directional 
stress points up the necessity for con- 
sidering this factor in steel selection 
Where it can be used, stress relief 
after welding is helpful. Otherwise, the 
type of steel or the design must be 
changed 

Because of the wide differences in 
the notch toughness of steel and the 
occasional spectacular failures that re- 
sult from lack of it, it is too easy to 
conclude that a high value for notch 
toughness is necessary when steels are 
subject to shock loading. It is often 
expensive to provide this property in 
addition to the others required, espe- 
cially if the part is large. A careful 
look at many parts in everyday use 
will show that, for all except the un- 
usual application, the commonly used 
steels have adequate shock resistance 
Only where this is known not to be 
true is there need for special attention 
to high notch-toughness and in these 
the design should be carefully reviewed 
and, if possible, altered to distribute 
stress more uniformly. It is almost an 
axiom that when attempts are made 
to correct poor design with metallurgy 
alone the results are expensive and 
often disappointing. 


Hot Rolled Steels 


Carbon steel as rolled or as forged is 
the lowest cost steel, and in the many 
applications where the properties are 
satisfactory, it should be used. Table I 
gives composition limits of hot rolled 
carbon steel bars; properties normally 
expected in sections of 1l-in. diam are 
tabulated on page 5; both regular and 
free-cutting grades, in both the hot 
rolled and cold drawn conditions, are 
included. The table shows a wide range 

from 24,000 to 67,000 psi yield strength 
in the hot rolled condition 

Many builders of machinery, notably 
the farm equipment industry, take ad 
vantage of these low-cost steels by de 
signing many major components specif- 
ically for them. Often the workability 
of the low-carbon steels is essential to 
successful manufacture of parts. Ex- 
amples are the many components 
formed and drawn from flat rolled 
steels and the immense use of cold 
heading, which successfully utilize 
both low-carbon and medium-carbon 
grades The decreased machinability 
of the unannealed hot rolled grades 
with carbon content higher than in 
1050 usually limits their use in the as 
rolled condition to parts requiring little 
or no machining 


Cold Drawn Steels 


Cold drawn steels come next in order 
of increased strength The low-cost 
drawing process enhances the hardnes: 
tensile strength and especially the yield 
strength. In hot rolled steel the ratio 
of yield strength to tensile strength 1}: 
about 55 whereas in cold drawn steel 
Thus, by using a cold 


it is about 85‘ 
drawn steel] where it fits, the designer 
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can improve the strength-weight ratio 
and thereby reduce costs and save 
weight when necessary. By special 
practice, the tensile strength and yield 
strength of the medium-carbon grades, 
cold drawn, can be made equivalent to 
those of heat treated steel of 240 Bri- 
nell, and such cold drawn steels are 
successfully used in many important 
applications to eliminate not only the 
cost of heat treatment but also, more 
important, the inevitable straightening 
costs which may be the largest single 
item in labor cost. 

Figure 2 shows the change in me- 
chanical properties with increase in 
cold reduction by drawing. The in- 
crease in strength is accompanied by a 
decrease in elongation and reduction of 
area, but these values are still sufficient 
for most applications 

In recent years a further develop- 
ment in cold drawing has been the use 
of heavier drafts on selected grades, 
usually from 1035 to 1050 and similar 
carbon contents in the free-cutting 
steels. The heavy draft increases the 
tensile strength and yield strength, as 
shown in Fig. 2, and when cold draw- 
ing is followed by stress relieving, usu- 
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a Percentage Reductionin Cold Drawing 


Fig, 2. Effect of Cold Drawing on 
the Tensile Properties of Steel. For 
bars up to 1-in. cross section, having 
tensile strength of 110,000 psi or less 
before drawing (Bethlehem Steel) 


ally between 700 and 1050 F, minimum 
yield strength as high as 100,000 psi 
and tensile strength of 120,000 psi can 
be guaranteed, with satisfactory tough- 
ness. This process is sensitive to both 
size and composition, particularly car- 
bon and manganese. No generally ac- 
cepted specifications have been adopt- 
ed; however, numerous private specifi- 
cations are in use, and the practical 
limits are known. 

For the higher-strength cold drawn 
bars, no steel of carbon content higher 
than 1050 is shown in the table on 
the next page, although, hot rolled, the 
higher-carbon steels are stronger. Such 
steels are produced as specialties: Bars 
must be annealed before cold drawing, 
thus increasing the cost; the increase 
in strength from drawing becomes pro- 
portionately less as the strength of the 
base steel rises; and the decrease in 
ductility from drawing, subtracted from 
the already lower ductility due to 
higher carbon content, makes the duc- 
tility of the product somewhat lower 
than desirable; also, these steels do 
not machine readily without annealing, 
which destroys the properties produced 
by cold drawing. 
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In considering the mechanical prop- 
erties of cold drawn steels, a sharp dis- 
tinction must be made among various 
“cold finishing” processes. The steels 
considered here are those produced by 
cold drawing an oversize hot rolled bar 
through a die; the resulting cold work 
is responsible for the improvement in 
properties. Because of power limita- 
tions, the maximum size bar that can 
be drawn is about 3-in. diam. Bars 
can also be cold finished by turning, 
turning and polishing, or turning and 
grinding. Sizes larger than 3 in. are 
always so finished and smaller sizes 
may be. Since no cold work is done 
except a small amount from pressure 
of cutting tools, the steels so processed 
are no stronger than hot rolled steels. 

There are additional processing ad- 
vantages in the use of cold finished 
steels, drawn or turned. One is close 
dimensional control. Table II shows the 
size tolerances for commercial bars as 
furnished by the mill. Often no fur- 
ther machining will be needed. An- 
other advantage is that odd sizes can 
be produced readily on mill order. For 
example, the standard size for 1-in.- 
diam low-carbon bar is 1.000 to 0.998 in. 


Table Il. 


Max 
0.28, C 


or Less 


Size, 


To 1 


incl 0.002 
Over 1 to 2 inel 0.003 
Over 2 to 4 incl 0.004 
Over 4 to 6 incl 0.005 
Over 6 to 744 incl 0.006 


Size Variations of Cold Drawn Carbon Steel Bars 


Rounds, Cold Drawn or Turned and Polished 


Low-Alloy Steels 


Although alloy steels have somewhat 
better properties than carbon steels 
either as hot rolled or as cold drawn, 
the cost of alloy content is usually jus- 
tified only when quenching and tem- 
pering develops the full potentialities. 

The most important exceptions are 
the so-called “low-alloy” steels for 
structural components that require 
forming and welding characteristics 
similar to those of low-carbon struc- 
tural steels but with improved mechan- 
ical properties. These low-alloy steels 
are used as rolled or as annealed, 
depending on the formability required. 
They are discussed fully on page 534 
of the 1948 Handbook. To the compo- 
sitions listed in that article should be 
added those containing up to 0.25% C 
and up to 1.60% Mn, which are now 
within the weldable range with present- 
day techniques, even though conditions 
for satisfactory weldability become 
more restricted as both carbon and 
manganese rise. Although available in 
many commercial forms, these steels 
are used principally as flat rolled prod- 
ucts and structural shapes. 


—Carbon Content or Condition— ———— 
Max Stress Max 
0.28 to Relieved Over 
055°, C Bars 0.55% C 


Undersize Variations, in.- 


Hexagons, Cold Drawn 


To inel 0.002 
Over to 1 inel 0.003 
Over 1 to 2's incl 0.004 
Over 2'2 to 3'% incl 0.005 


Squares, Cold Drawn 


Over incl 0.003 
Over {, to 1 inel 0.004 
Over 1 to 2! inel 0.005 
Over 2! to 4 incl 0.006 


But a part may require 0.995 to 0.993-in. 
diam. If the steel can be ordered in 
mill quantity, the exact size required 
can be produced, thus saving a grinding 
operation when the mill finish on the 
bar is satisfactory. A further advan- 
tage applying only to cold drawn bars 
is improved machinability, which is 
greatest in the low-carbon steels but is 
still appreciable at the higher carbon 
levels. 

Good use of these high-strength, cold 
finished steels is illustrated by an ac- 
tual example in the selection of stud 
material for a new engine. Originally, 
8642-H, quenched and tempered to a 
minimum yield strength of 110,000 psi, 
was specified. In testing the engine, 
calculations and strain measurements 
showed that main bearing studs were 
correctly specified but the cylinder head 
studs were over-specified. The stress 
was low enough so that C-1141, cold 
drawn and stress relieved to 95,000 psi 
minimum yield strength, was entirely 
satisfactory. By this change, cost was 
reduced through the use of a cheaper 
steel of better machinability, and there 
was no sacrifice in the serviceability of 
the engine. 


0.003 0.004 0.006 
0.004 0.006 0.008 
0.005 0.008 0.010 
0.006 0.010 0.012 
0.008 0.012 0.016 
0.003 0.004 0.006 
0.004 0.006 0.008 
0.005 0.008 0.010 
0.006 0.010 0.012 
0.004 0.006 0.008 
0.005 0.008 0.010 
0.006 0.010 0.012 
0.008 0.012 0.016 


Hardenable Steels 


When the strength or the combina- 
tion of strength and notched-bar 
toughness required by the part can- 
not be met by steel as rolled, forged, 
normalized or cold drawn, quench hard- 
ening and tempering must be used to 
obtain the necessary properties. Both 
carbon and alloy steels respond to such 
treatment but in different degree 
Carbon steel is always lower in first 
cost but may be higher in final cost 
because of processing considerations 
Also, specific advantages peculiar to 
alloy steel may dictate its use. The 
following discussion will be based pri- 
marily on those applications in which 
some portion of the cross section is 
quenched to martensite or to bainite 
and then tempered as required. 

Hardenability of steel is defined as 
that property which determines the 
depth and distribution of hardness in- 
duced by quenching. Since, in this 
type of treatment, the primary concern 
is to obtain a satisfactory reaction to 
the quench, it follows that, of all the 
factors affecting the selection of steel 
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Hot Rolled and Cold Finished Bars 


Estimated Mechanical Properties of Carbon Steels 


EXPECTED MINIMUM VALUES 
BRI- MACH- 
ELONG. R.A. NELL INING*® 


GRADE NO. AND 


PROCESSING Y.S. 


EXPECTED MINIMUM VALUES 
BRI- MACH- 
ELONG. R.A. NELL INING® 


GRADE NO. AND 
PROCESSING S. Y.S. 


1006 Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolied 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 85,000 
Hot rolled 92,000 
Cold drawn 102,500 
Hot rolled 80,000 
Cold drawn 89,000 
Hot rolled 82,000 
Colddrawn 91,000 
Hot rolled 82,000 
Cold drawn 91,000 
Hot rolled 85,000 
Cold drawn 94,000 
Hot rolled 87,000 
Cold drawn 97,000 


43,000 
48,000 
44,000 
49,000 
43,000 
48,000 
47,000 
53,000 
48,000 
54,000 
50.000 
56,000 
55.000 
61 000 
53,000 
59,000 
58,000 
64,000 
59.000 
66,000 
55,000 
61,000 
62,000 
69,000 
56,000 
62,000 
74,000 
82,000 
58,000 
64,000 
75,000 
83,000 
68,000 
76,000 
72,000 
80,000 
72,000 
80,000 
83,000 
92,000 
74,000 
82,000 
75,000 
83,000 
79,000 
88,000 
76 000 


24,000 30 55 
41,000 20 45 
24,500 30 55 
41,500 20 45 
24,000 30 55 
41,000 20 45 
26,000 28 50 
44,000 20 40 
26,500 28 50 
45,000 19 40 
27,500 28 50 
47,000 18 40 
30,000 25 50 
51,000 18 40 
29,000 26 50 
49.000 18 40 
32,000 25 50 
54,000 15 40 
32,500 25 50 
55,000 15 40 
30,000 25 50 
51,000 15 40 
34,000 23 47 
58,000 15 40 
31,000 25 50 
52,500 15 40 
41,000 20 42 
69,000 12 35 
32,000 25 50 
54,000 15 40 
41000 18 40 
70000 12 35 
37,500 20 42 
64,000 12 35 
39,500 18 40 
67,000 12 35 
39,500 18 40 
67,000 12 35 
45,500 16 40 
77,500 12 35 
40,500 18 40 
69,000 12 35 
41,000 18 40 
70,000 12 35 
43,500 40 
74,000 ‘ 35 
42,000 40 
71,000 ‘ 35 
51,000 5 40 
87,000 30 
44,000 5 8640 
75,000 ‘ 35 
45,000 40 
77,000 ‘ 35 
45,000 5 40 
77,000 ‘ 35 
47,000 40 
79,000 ‘ 35 
48,000 35 
81,500 30 


1008 
1009 
1010 
1012 
1015 
1016 
1017 
1018 
1019 
1020 
1022 
1023 
1024 
1025 
1027 
1030 
1033 
1035 
1036 
1037 
1038 
1039 
1040 
1041 
1042 
1043 
1045 
1046 
1049 


1050 Hot rolled 
Cold drawn 
Hot rolled 
Hot rolled 
Hot rolled 
Hot rolled 
Hot roiled 
Hot rolied 
Hot rolled 
Hot rolled 
Hot rolled 
Hot rolled 
Hot rolled 
Hot rolled 
Hot rolled 
Hot rolled 
Hot rolled 
Hot rolled 


90,000 
100 000 
108,000 

94,000 

98,000 
103,000 

97,000 
100,000 
106,000 
102,000 
105,000 
100,000 
112,000 
119,000 
121,000 
112,000 
122,000 
120,000 


49.500 1 35 179 
84,000 30 197 
59,500 y 30 217 
51,500 q 192 
54,000 q 201 
56,500 212 
53,500 2 201 
55,000 207 
58,000 y K 217 
56,000 q 212 
58,000 217 
55,000 2 7 207 
61,500 2! 229 
65,500 2§ 241 
66,500 25 248 
61,500 229 
67,000 25 248 
66,000 2 


1052 
1055 
1060 
1062 
1064 
1065 
1066 
1070 
1074 
1078 
1080 
1084 
1085 
1086 
1090 
1095 


Bessemer Steels 


60,000 33,000 
67,000 56,000 
61,000 33,500 
68,000 57,000 
61,000 33,500 
68,000 57,000 10 


1111 
1112 
1113 


Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 


Open Hearth Steels 
50,000 27,500 
56,000 47,000 
50,000 27,500 
56,000 47,000 
55,000 30,000 
61,000 51,000 
62,000 34,000 
69,000 58,000 
65,000 36,000 
2000 61,000 
62,000 34,000 
69,000 58,000 
62000 34,000 
69,000 58,000 
64,000 35,000 
71,000 59,500 
83,000 45,500 
92,000 77,000 
88,000 48,000 
98,000 82,000 
73,000 40,000 
81,000 68,000 
79,000 43,500 
88,000 74,000 
94,000 51,500 
105,000 88,000 
97,000 53,000 
108,000 90,000 
85,000 47,000 
94,000 80,000 
85,000 47,000 
94,000 80,000 
92,000 50,500 
102,000 86,000 


Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 
Hot rolled 
Cold drawn 


*Machinability based on 100% for 1112, cold drawn. 

From a report of S.A.E. Iron and Steel Technical Com- 
mittee as revised January 1953. Figures are for informa- 
tion rather than specification purposes, and apply to bars 
ranging from % to 14 in. in size as determined from 
standard 0.505-in. tension test pieces with 2-in. gage 
length. Smaller sizes will generally be somewhat stronger; 
larger sizes have somewhat lower values than those quoted. 

Averages for cold drawn bars are for commercial pro- 
duction, wherein hot rolled rounds are given a single draft, 


the reduction in diameter (,, to '« in.) being roughly pro- 
portional to size, but it also depends on shape and compo- 
sition. A considerable variation from these averages can 
result from special mill practices by prearrangement with 
the supplier 

Physical values for turned, ground and polished bars 
correspond to averages quoted for hot rolled 

Consult “Steel Products Manual, Section 9, Cold Fin- 
ished Carbon Steel Bars”, by American Iron and Steel 
Institute. 
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86 
95 48 51 
86 
95 50 
86 
9 48 - 
95 
105 52 
95 
105 52 
101 
111 53 
111 
121 64 ‘ 
105 
116 56 ad 
116 
116 
45 121 
131 70 35 131 92 
111 45 121 if 
2 8 oe 4 
21 5 35 137 100 
121 45 121 
137 69 35 137 137 
lll 
121 
163 9 
116 1109 50 101 
126 58 40 121 75 
149 1115 50 111 
163 64 40 121 80 f 
137 1117 47 121 
149 «68 40 137 87 
143 1118 47 131 
163 68 40 143 84 
143 1119 47 121 
163 65 40 137 100 
| 
18 > 
143 1126 47 126 ; 
167 65 40 143 718 
149 a 1132 
163 5 : 5 
156 1137 35 179 
179 61 30 197 71 
149 1138 40 149 
170 62 35 156 74 
187 1140 40 156 
207 50 35 170 71 
163 1141 35 187 
179 60 30 212 69 
| 
| 
9 5 5 i) 
170 1146 40 170 
; 187 54 35 187 69 
179 1151 35 187 
197 53 30 207 66 


for heat treated parts, hardenability is 
by far the most important single con- 
sideration. Hardenability should not be 
confused with hardness per se or with 
maximum hardness The maximum 
hardness attainable with any steel is a 
function of carbon content (see Fig. 1 
page 621, 1948 Handbook) 
Hardenability is governed principally 
by chemical composition and = grain 
size; certain other factors in the steel- 
making process also affect it. Harden- 
ability is measured by the standard 
end-quench test discussed on page 489 
of the 1948 Handbook. All alloy steels 
commonly used for machinery can be 
purchased on a hardenability basis, and 
developments in carbon steels are in 
that direction. To produce certain parts 
with exact requirements, some users 
now test carbon steels for hardenability 
and apply them accordingly. 
The true measure of applicability of 


any steel to a part requiring heat 
Cooling Rate, deg Fahr per sec at |300F 


NOD 


|Quenched init 
Mildly Agitated 
Wolfer 


Quenched in Mi/dly 


2 6 810l2 1620 
Distance From Quenched End, sixteenths 
Fig. 3. Correlation of Identical Cool- 
ing Rates in End-Quenched Hard- 
enability Specimen and Quenched 
Round Bars (SAE Handbook, 1953) 


treatment is the relation of its harden- 
ability to the critical cross section of 
the part at the time it is heat treated. 
By critical cross section is meant that 
section of the part where service 
Stresses are highest and, therefore, 
where the highest mechanical proper- 
ties are required. For example, if the 
part is a rough forging of 2'.-in. diam 
at the critical cross section, which is 
later machined to 2-in. diam, and the 
finished part must be hardened to 
‘,-radius ‘that is, ‘4 in. deep) then the 
hardenability of the steel must be such 
that the rough forging will harden 
's in. deep. Figure 3 shows the cor- 
relation between cooling rates along 
the end-quench hardenability specimen 
and four locations in round bars up to 
4-in. diam for both oil and water 
quenching. For flat bars of width equal 
to or greater than four times the thick- 
ness, the hardenability is 65 to 70° of 
that shown for round bars. In apply- 
ing these data, both the quenching me- 
dium and the required depth of hard- 
ening for the part must be considered. 

Quenching Medium. The amount of 
distortion that can be tolerated often 
determines the steel and quenching 
medium. Except in small sections, car- 


bon steels nearly always require water 
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quenching and serve best 
quenched in the rough condition 
where relatively large dimensional 
changes can usually be tolerated. When 
the steel is to be heat treated after 
machining, water quenching can cause 
serious distortion and breakage at 
shoulders, undercuts and keyways. Oil 
quenching is often the only practical 
answer, and this usually requires alloy 
content in the steel, to provide the 
hardenability demanded by the section 


in parts 


The basic considerations in deter- 

mining the quenching medium are: 

1 For any given carbon level, carbon 
steels have lower hardenability than 
alloy steels 

2 Water has a higher quenching rate 
than oil, and agitation increases the 
rate of either (see “Agitation of 
Quenching Mediums", this volume) 

3 The more severe the quench, the 


greater is the dimensional change (dis- 
tortion) that results from the quench, 
except as it may be reduced by 
cial techniques 

4 Because of this distortion and the 

danger of quench cracks, the quench 
should be no more severe than re- 
quired by the hardenability of the 
steel 

Selected Depth of Hardening. The 
depth to which parts are hardened not 
only may affect the serviceability of 
the parts but it always affects the 
hardenability required and _ therefore 
the cost. A survey of automotive ve- 
hicles showed that hardening to 80% 
or more martensite at “,-radius of the 
part as finished was generally sufficient. 
In some parts, less depth is required; 
this is true even of some. steering 
knuckles, which are subject to severe 
Shock loads. Such parts are designed 
for low deflection under load, and even 
the surface layers are only moderately 
stressed. 

On the other hand, parts loaded 
principally in tension, such as bolts, 
and parts operating at high hardness 
levels, such as springs of all types, 
must be hardened more nearly through 
the section. In the automobile leaf 
spring discussed earlier, the leaves are 
designed with a low section modulus in 
the direction of loading. The allowable 
deflection is large and most of the 
cross section is highly stressed. 

The hardening need be no deeper 
than is required to provide the strength 
to sustain the load at any given depth 
below the surface. This rule takes ad- 
vantage of the fact that, except for 
uni-axial tension or compression, the 
stress is highest at the surface and 
decreases linearly to zero at the neutral 
axis. The idea that all heat treated 
parts should be hardened completely 
throughout the cross section cannot be 
justified on the basis of either theory 
or practice. 

Carbon Steels. To show the applica- 
tion of hardenability data, representa- 
tive values for 1042 steel (Table ITI) 
may be considered in relation to Fig. 3. 
For the low limit of carbon for this 
steel, 0.40°7, a commercially acceptable 
minimum hardness is Rockwell C 45, as 
quenched. This value occurs in the 
minimum column of Table III at 2/16 
in. from the quenched end of the hard- 
enability test specimen, which corre- 
sponds to a cooling rate of 305F per 
sec at 1300 F. The intersection of the 
2/16 vertical lines (upper half of Fig. 
3) with the curve marked “Center”, 
gives the largest size round of 1042 
Steel that can be water quenched to 


spe- 


produce Rockwell C45 at the center, 
and is found to be % in., reading on 
the left-hand vertical axis. Similarly, 
the largest size that can be water 
quenched to Rockwell C 45 at “-radius 
is 1', in., which corresponds to a depth 
of hardening of approximately 0.140 in 
By using a similar process on the lower 
part of Fig. 3, the largest size round of 
1042 steel that can be hardened to 
Rockwell C45 at the center in oil is 
found to be about 0.2-in. diam; and for 
‘,-radius, about '+-in. diam. 

In spite of these apparently serious 
limitations in the hardenability of this 


Table III. Representative 
Hardenability Test Values for 1042 Steel 


Distance from 


Quenched End, Rockwell C Hardness 


in Minimum Maximum 
1/16 .. . 61 
52 
4/16 38 
516 . 26 30 
6/16 .. 29 
7/16... 28 
27 
26 


and other carbon steels, they are, as 
a means of reducing steel cost, very 
frequently used successfully in much 
heavier sections than those just re- 
ferred to, despite some-irregularities in 
heat treating behavior and the devel- 
opment of less-than-optimum mechan- 
ical properties. The tempering temper- 
ature will be correspondingly lower and 
highly variable if normally accepted 
final hardness ranges are to be main- 
tained. The tensile strength will, as 
always, be a function of the final hard- 
ness but the yield strength will be 
lower than normal and will show a 
wide and unpredictable variation. The 
shock resistance may be seriously im- 
paired. In spite of these shortcomings, 
if the steel does not give so much proc- 
essing trouble as to be uneconomical 
and if the results in service are satis- 
factory, the application is a success by 
commercial standards, because a part 
need be only just good enough for the 
intended life. There is no rule for de- 
termining in advance the success of 
such an application. Intimate knowl- 
edge of what has been successful in 
similar designs is the only guide. 

Alloy Steels. The charts on pages 16 
to 20-E show composition limits and 
hardenability bands for the current 
(1954) list of SAE-AISI alloy steels 
that can be purchased on a harden- 
ability basis. Such steels are designated 
by the letter “H” following the compo- 
sition code. The charts include all the 
commonly used alloy steels. The table 
on pages 8 and 9 summarizes the same 
hardenability data shown graphically 
for the H-steels on pages 16 to 20-E. 
Compositions are compiled on page 7. 

The lists of standard steels change 
from year to year as new compositions 
are added on the basis of usage and 
existing ones removed for lack of it. 
For the listings of these H-steels and 
their hardenability limits, the latest 
SAE or AISI publications on this sub- 
ject should be consulted. 

When sizes larger than shown to be 
within the limits for carbon steel must 
be hardened, alloy steels must be used; 
the necessary hardenability can be ob- 


- 
4 
| 
‘ 
1 
% } | 
yA, 
| 
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3135-H 
3140-H 


3310-H 
3316-H 


H 
4047-H 
4053-H 
4063-H 
4068-H 


4118-H 
4130-H 
4135-H 
4137-H 
4140-H 


4142-H 
4145-H 
4147-H 
4150-H 


4320-H 
4337-H 
4340-H 
E4340-H 


4620-H 


4640-H 


4812-H 
4815-H 
4817-H 
4820-H 


5120-H 
5130-H 
5132-H 
5135-H 
5140-H 


5145-H 
5147-H 
5150-H 
5152-H 
5160-H 


6120-H 
6145-H 
6150-H 


8617-H 
8620-H 
8622-H 
8625-H 
8627-H 


8630-H 


8720-H 
8740-H 
8742-H 
8750-H 


9260-H 
9261-H 
9262-H 


9310-H 


9840-H 
9850-H 
86B45-H 


(a) 


The 


process 


open he 


Composition Limits of Standard H-Steels (February 1954) 


(Open hearth and electric furnace steel bars, billets and blooms not exceeding 
200-sq in. cross-sectional area, or 18-in. width or 10,000-lb weight per piece) 


Cc 


0.27 to 0.33 
0.32 to 0.38 
0.37 to 0.44 


0.12 to 0.18 
0.14 to 0.20 


0.17 to 0.23 
0.27 to 0.33 
0.32 to 0.38 
0.37 to 0.44 


0.07 to 0.13 
0.13 to 0.19 


0.29 to 0.35 
0.34 to 041 
0.39 to 0.46 
044 to 0.51 


0.49 to 0.56 
0.59 to 0.69 
0.62 to 0.72 


0.17 to 0.23 
0.27 to 0.33 
0 32 to 0.38 
0.34 to 041 
0.37 to0.44 


0.39 to 0.46 
0.42 to 049 
044 to 0.51 
0.47 to 0.54 


0.17 to 0.23 
0.34 to 041 
0.37 to 0.44 
0.37 to 0.44 


0.17 to 0.23 
0.17 to 0.23 
0.17 to 0.23 
0.37 to 0.44 


0.09 to 0.15 
0.12 to 0.18 
0.14 t00.20 
0.17 to 0.23 


0.17 to 0.23 
0.27 to 0.33 
0.29 to 0.35 


0.32 to 0.38 
0.37 to 0.44 
0.42 to 0.49 
0.45 to 0.52 
0.47 to 0.54 


0.48 to 0.55 
0.55 to 0.65 


17 to 0.23 
0.42 to 0.49 
47 to 0.54 


0.14 to 0.20 
0.17 to 0.23 
0.19 to 0.25 
0.22 to 0.28 
0.24 to 0.30 


0.27 to 0.33 


$635-H 0.32 to 0.38 
8637-H 0.34 to 041 
8640-H 0.37 to 0.44 
8641-H'* 0.37 to 0.44 
8642-H 0.39 to 0.46 
8645-H 0.42 to 0.49 
8650-H 0.47 to 0.54 
8653-H 0.49 to 0.56 
8655-H 0.50 to 0.60 
8660-H 0.55 to 0.65 


0.17 to 0.23 
0.37 to 0.44 
0.39 to 0.46 
0.47 to 0.54 


0.55 to 0.65 

55 to 0.65 
0.55 to 0.65 
0.07 to 0.13 


0.37 to 0.44 
047 to 054 
042 to 0.49 


0.30 to 0.70 
0.30 to 0.70 


0.50 to 0.90 
0.50 to 0.90 
0.50 to 0.90 
0.60 to 1.00 


0.30 to 0.70 
0.30 to 0.70 


0.60 to 1.00 
0.60 to 1.00 
0.60 to 1.00 
0.60 to 1.00 


0.65 to 1.10 
0.65 to 1.10 
0.65 to 1.10 


0.60 to 1.00 
0.30 to 0.70 
0.60 to 1.00 
0.60 to 1.00 
0.65 to 1.10 


0.65 to 1.10 
0.65 to 1.10 
0.65 to 1.10 
0.65 to 1.10 


0.40 to 0.70 
0.55 to 0.90 
0.55 to 0.90 
0.60 to 0.95 


0.35 to 0.75 
0.40 to 0.80 
0.60 to 1.00 
0.50 to 0.90 


0.30 to 0.70 
0.30 to 0.70 
0.30 to 0.70 
0.40 to 0.80 


0.60 to 1.00 
0.60 to 1.00 
0.50 to 0.90 
0.50 to 0.90 
0.60 to 1.00 


0.60 to 1.00 
0.60 to 1.05 
0.60 to 1.00 
0.60 to 1.00 
0.65 to 1.10 


0.60 to 1.00 
0.60 to 1.00 
0.60 to 1.00 


0.60 to 0.95 
0.60 to 0.95 
0.60 to 0.95 
0.60 to 0.95 
0.60 to 0.95 


0.60 to 0.95 
0.70 to 1.05 
0.70 to 1.05 
9.70 to 1.05 
0.70 to 1.05 


0.70 to 1.05 
0.70 to 1.05 
0.70 to 1.05 
0.70 to 1.05 
0.70 to 1.05 
0.70 to 1.05 


0.60 to 0.95 
0.70 to 1.05 
0.70 to 1.05 
0.70 to 1.05 


0.65 to 1.10 
0.65 to 1.10 
0.65 to 1.10 


0.40 to 0.70 
0.60 to 0.95 


0.60 to 0.95 
0.70 to 1.05 


Sulfur content 0.040 to 0.060% 


are as follows: ba 


open hearth, 0.04)°, max 


arth, 0.050% max 


expected to have 0.0005°% min boron 
phosphorus and sulfur 


Si 


cr 


Mo 


Normalizing Austenitizing 
Temp, deg Fahr Temp, deg Fahr 


0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 


0.20 to 0.35 
0.20 to 0. 


uo 


0.20 to0 
0.20 to 0 
0.20 
0.20 to 0.35 


0.20 to 0.35 
0.20 to 0.35 


0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 


0.20 to 0.35 
0.20 to 0 
0.20 to 0 
0.20 to 0 
0.20 to 


0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 


0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 


0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 


0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 


0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 


0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 


0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 


0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 


0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 


0.20 to 
0.20 t0 03 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0% 
0.20 to 0.3 


0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 
0.20 to 0.35 


1.70 to 2.20 
1.70 to 2.20 
1.70 to 2.20 


0.20 to 0.35 
0.20 to 0.35 


0.20 to 0.35 
0.20 to 0.35 


4.70 to 5.30 


4.70 to 5.30 


1.00 to 1.45 
1.00 to 1.45 
1.00 to 1.45 
1.00 to 1.45 


3.20 to 3.80 
3.20 to 3.80 


1.55 to 2.00 
1.55 to 2.00 
1.55 to 2.00 
1.55 to 2.00 


5 to 2.00 
5 to 2.00 
55 to 2.00 
55 to 2.00 


3.20 to 3.80 
3.20 to 3.80 
3.20 to 3.80 
3.20 to 3.80 


0.35 to 0 
0.35 tov 
0.35 to 0 
035 to0 
0.35 to 0 


35 to 0 
35 to 0 
) 
) 


35 to 0 
5to0 
5to0 


35 to 0 
35 to 0 
0.35 tov 
tov 
35 to 0 


0.35 to 0.75 
035 to 07 
0.35 to 07 

7 


2.95 to 3.55 


0 80 to 1.20 
0 80 to 1.20 
0.35 to 0.75 


(b) This grade can be 


limitations for each 


sic electric furnace, 0.025% 
acid electric furnace, 0.050° 
The minimum silicon limit for acid 


steelmaking 
max; basic 


max, acid 


0.45 to 0.85 
0.45 to 0.85 
0.45 to 0.85 
0.45 to 0.85 


1.30 to 1.80 
1.30 to 1.80 


0.30 to 0.70 
0.75 to 1.2u 
0.75 to 1.20 
0.75 to 1.20 
0.75 to 1.20 


0.75 to 1.20 
0.75 to 1.20 
0.75 to 1.20 
0.75 to 1.20 


0.35 to 0.65 
0.65 to 0.95 
0.65 to 0.95 
0.65 to 0.95 


0.60 to 1.00 
0.75 to 1.20 


1.15 
0.60 to 1.00 
0.60 to 1.00 
0.80 to 1.25 
0.60 to 1.00 
0.85 to 1.30 
0.60 to 1.00 


0.35 to 0.65 
0.35 to 0.65 
0.35 to 0.65 
0.35 to 0.65 
0.35 to 0.65 
0.35 to 0.65 
0.35 to 0.65 
0.35 to 0.65 
0.35 to 0.65 
0.35 to 0.65 


0.35 to 0.65 
0.50 to 0 85 
0.35 to 0.65 
0.35 to 0.65 


0.35 to 0.65 
0.35 to 0.60 
0.35 to 0.65 
0.35 to 0.65 


0.20 to 0.50 
1.00 to 1.45 
0.65 to 0.95 


065 to 0.95 
0.35 to 0.65 


open hearth or acid electric 


0.20 to 0.30 
0.20 to 0.30 
0.20 to 0.30 
0.20 to 0.30 


0.20 to 0 30 
0.20 to 0.30 
0.20 to 0.30 


0.08 to 0.15 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 025 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 


0.20 to 0.30 
0.20 to 0.40 
0.20 to 0.30 
0.20 to 0.30 


0.20 to 0.30 
0.20 to 0.40 
0.20 to 0.30 
0.20 to 0.30 


0.20 to 0.30 
0.20 to 0.30 
0.20 to 0.30 
0.20 to 0.30 


Vv 
0.10 min 
0.15 min 
0.15 min 

Mo 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 


0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 


0.15 to 0.25 


0.20 to 0.30 
0.20 to 0.40 
0.20 to 0.30 
0.20 to 0.30 


0.08 to 0.15 


0.20 to 0.30 
0.20 to 0.30 
0.15 to 0.25 


quantities of certain element 
not specified or required 1 


dental and may 
0.25°%: Cr, 0.20% 
Heat treating temperatures as recommended by SAE 


Cu, 0.35° Ni 


be present 


1650 1600 
1600 1550 
1600 1550 
1700 1550 
1700 1550 
1700 1700 
1650 1600 
1600 1550 
1600 1550 
1700 1550 
1700 1550 
1650 1600 
1600 1550 
1600 1550 
1600 1550 
1600 1550 
1600 1550 
1600 1550 
1700 1700 
1650 1600 
1600 1550 
1600 1550 
1600 1550 
1600 1550 
1600 1550 
1600 1550 
1600 1550 
1700 1700 
1600 1550 
1600 1550 
1600 1550 
1700 1700 
1700 1700 
1700 1700 
1650 1600 
1700 1550 
1700 1550 
1700 1550 
1700 1550 
1700 1700 
1650 1600 
1650 1600 
1650 1600 
1600 1550 
1600 1550 
1600 1550 
1600 1550 
1600 1550 
1600 1550 
1700 1700 
1650 1600 
1650 1600 
1700 1700 
1700 1700 
1700 1700 
1650 1600 
1650 1600 
1650 1600 
1600 1550 
1600 1550 
1600 1550 
1600 1550 
1600 550 
1600 1550 
1600 1550 
1600 1550 
1600 1550 
1600 1550 
1700 1700 
1550 
1600 1550 
1600 1550 
1650 1600 
1650 1600 
1650 1600 
1700 1550 
1600 1550 
1600 1550 
1600 1550 
furnace alloy steel is 0.15% Small 
are present in alloy stecls which are 


hese elements are considered as inci- 
in the follow 


and Mo 


JULY 15, 1954, PAGE 7 


ing maximum amounts 
0.06 


SAE Mn Ni || 
1340-H 1.45 to 2.05 
3120-H 
3130-H 
1 
X4620-H .... 1 
4621-H 1 
0.60 to 1.00 
0.75 to 1.20 
re: 0.75 to 1.20 
0 
0 
0 
0 
0 
0.35 to 0.65 
== 


Distance 
from 

Quenc hed 

End, Six- 

teenths 

ofanin. Max Min 


1330-H 


Max Min 
1335-H 


$2 

3316-H 4032-H 
1 4740 5750 

2 
45 34 28 
45 26 
45 33 26 
45 32 25 
45 32 24 
44382 24 
4431 2% 
44 O31 23 
44 O31 23 
4331 22 
4331 22 
4331 2 
4231 21 
42 30 20 
42,30 
41: 


Max Min 


1340-1 


60 


53 


Max 


Min 


2515-H 


38 


Rockwell C Hardness» 


Max Min 
2517-H 
46 39 


Max Min 
3120-H 
48 41 


AISI-SAE H-Steels; Data as of February 1954 


3130-H 
56 49 


Max ‘Min Max Min 


3135-H 


58 


Hardness Limits of H-Steels for Specification Purposes (Standard End-Quench Hardenability Test) 
(For hardenability bands, see page 16 and following; for chemical compositions, see page 7.) 


Max “Min 


3140-H 
60 «53 


Max Min 


22 i 
4042-H 
62 55 


21 

2 
4053-H 
65 59 


30 
4063-H 
60 


4026 
39 25 
4118-H 
48 


34 24 
34 24 
33 23 
33 23 
32 22 
32 21 
32 20 
31 
31 

30 

30 ° 
29 


4137-H 


51 59 52 
2 58 50 59 51 
3 7 49 58 50 
4 i 48 58 49 
5 56 47 57 49 


£4340-H 
1 6053 48 
2 60-53 45 35 
3 60 «53 42 (27 
4 30024 
5 60-53 342 
6 60-58 31 
7 60 «53 29 


60 
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4142-H 
62 55 
62 55 
62 54 
61 53 
61 53 


4145-H 
6356 
63 55 
62 55 
62 54 
62 53 


4147-H 
6457 
64 «57 
6456 
6456 
63 55 


4150-H 
65 59 
65 59 
65 59 
65 58 
65 58 


4815-H 
45 
440037 
4434 
42 30 
4127 
3924 
3722 


4337-H 

59 52 
59 52 
59 52 
59 52 
59 52 


4340-F 
60 ‘ 
60 
60 
60 


= 


48 40 
46 34 
41 28 
36 23 
33 20 
30 os 
28 


56049 58 OS = 45  5i1 43-36 
2 56 47 57 49 60 52 44 37 D o 47 39 55 47 57 50 60 52 43 36 
3 55 44 56 47 59 51 43 33 46 35 44 J4 54 44 56 49 59 50 43 35 
4 53 40 55 Ww 58 49 42 30 45 31 42 30 52 42 55 47 59 49 42 35 
5 52 35 54 ub 57 46 41 27 44 28 38 25 51 38 54 44 58 47 42 34 
6 50 31 52 34 56 40 40 24 43 25 35 23 49s 34 53 41 57 45 42 33 
7 46 28 50 31 55 35 38 22 42 23 32 21 48 32 51 37 57 43 41 32 
% 45 26 44 29 54 33 37 20 41 21 30 20 45 30 50 35 56 41 41 31 
9 43 25 46 27 52 31 35 ; 39 20 29 43 29 48 33 55 38 41 30 
10 42 23 44 26 51 29 34 cs 37 28 a 41 28 46 31 54 36 40 30 
iB Ww 22 42 25 50 28 32 ‘ 35 “s 27 . 39 26 44 30 53 34 40 29 
12 39 21 41 24 48 27 31 ; 34 : 27 or 38 25 42 29 52 33 40 29 
13 38 20 40 23 46 26 30 7 33 as 26 - 36 24 40 29 51 32 39 28 
l4 37 39 22 44 25 29 oi 32 ” 26 , 35 24 39 28 50 3l 39 28 
15 36 E 38 22 42 25 29 ; 32 Fes 25 , 34 23 35 27 49 30 38 27 
16 35 oe 37 21 41 24 286 31 se 25 Pe: 34 22 37 26 48 30 38 27 
18 “4 , 35 20 39 23 27 , 30 a 24 z 33 21 36 25 46 29 37 26 
20 33 ; 34 38 23 26 ; 29 a 23 ne 32 20 35 23 44 28 37 26 
22 32 33 ~*~ 37 22 25 28 ua 23 a 32 . 34 22 43 28 37 26 
24 31 32 . 36 22 24 a 27 ae 22 iF 31 a 34 20 42 27 36 26 
26 31 31 35 21 24 27 22 3i 34 41 27 36 25 
26 31 ; 31 35 21 23 26 21 34 40 26 36 25 
30 30 34 20 26 if 33 35 25 
34 20 25 33 35 25 
4037-H 4047-H 4068-H 4130-H 
59 52 4 57 ea 60 56 49 
54 49 60 52 62 55 60 60 55 46 
54 42 58 48 60 50 64 57 65 58 “e 60 41 27 53 42 
51 35 55 40 58 42 62 53 65 56 e 59 35 23 51 38 
45 30 50 33 55 35 61 45 65 50 65 56 31 20 49 34 
38 26 45 29 52 32 59 38 64 39 64 45 28 ¥s 47 31 
34 23 39 27 47 30 57 34 62 36 63 39 27 a 44 29 
32 22 36 26 43 26 55 32 61 35 62 36 25 = 42 27 
30 21 34 25 40 28 51 31 59 34 60 35 24 ae 40 26 
20 20 33 24 38 27 47 30 57 33 58 34 23 ee 38 26 
28 3 32 24 37 26 44 29 54 32 55 33 22 ss 36 25 
27 as 31 23 35 42 29 51 32 52 33 21 “i 35 25 
26 wis 30 23 34 40 28 48 32 49 33 21 gia 
26 30 23 33 38 28 46 31 47 32 20 oe 
26 : 29 22 33 37 28 44 31 45 32 a ne 
25 . 29 22 32 36 28 43 31 44 32 - ia 
Zo 28 22 31 34 27 41 30 #2 31 oe 
4 25 26 21 30 33 27 40 30 41 31 oe ew 
] 25 a 28 20 30 33 27 39 29 40 30 ee e 
“4 pe 27 20 30 32 26 38 29 39 30 os ‘a 
24 ; 27 30 32 26 38 28 38 29 ws es 
24 27 : 29 32 26 37 28 38 29 es me 
] 23 26 29 31 25 37 27 38 28 
23 ; 26 as 29 31 25 36 27 37 28 —“~ 
4140-H 4320-H i 
60 53 48 41 all 
60 53 47 38 
60 52 45 35 
59 51 43 32 
59 51 41 29 
6 55 45 57 48 58 nO 61 52 61 53 63 55 65 57 38 27 58 51 60 
7 o4 42 56 45 58 48 60 51 61 52 63 55 65 57 36 25 58 51 60 
8 53 40 55 43 57 47 60 50 61 52 63 54 64 56 34 23 58 51 60 
9 52 38 55 40 57 44 60 49 60 51 63 54 64 56 33 22 58 50 60 
10 ol 36 a4 39 56 42 59 47 60 50 62 53 64 55 31 21 57 50 60 
11 50 34 53 37 56 40 59 46 60 49 62 52 64 54 30 20 57 50 59 1 
12 49 33 52 36 55 39 58 44 59 48 62 51 63 53 29 20 57 49 59 51 
3 44 $2 51 35 55 38 58 42 59 46 61 49 63 51 28 es 57 48 59 50 
14 47 31 50 34 54 37 57 41 59 45 61 48 62 50 27 ia 57 47 58 49 
15 46 30 49 33 54 36 57 40 58 43 60 46 €2 48 27 ha 57 46 58 49 
16 45 30 48 33 53 35 56 39 58 42 60 45 62 47 26 ae 57 46 58 48 
18 44 29 46 32 52 34 55 37 57 40 59 42 61 45 25 in 56 44 58 47 
20 42 28 45 sl 51 33 54 36 57 38 59 40 60 43 25 a 56 42 57 46 
22 i 27 44 30 49 33 53 35 56 37 58 39 59 41 24 a 55 41 57 45 
24 40 27 43 30 48 32 53 34 55 36 57 38 59 40 24 e 55 40 57 44 
26 3Y 27 42 30 47 32 52 34 55 35 57 37 58 39 24 os 55 39 57 43 
28 38 26 42 29 ° 46 $l 51 34 55 35 57 37 58 38 24 - 54 39 56 42 
30 3h 26 41 20 45 31 51 33 55 34 56 37 58 38 24 - 54 39 56 41 
32 37 26 41 29 44 30 50 33 54 34 56 36 58 38 24 x 53 39 56 40 
X4620-H 4621-H 4640-H 4812-H 4817-H 4820-H 5120-H 
48 41 48 41 60 53 44 37 46 39 48 41 
46 38 47 38 60 52 43 34 46 38 48 40 
‘ 44 30 46 34 59 51 42 30 45 35 47 39 
; 41 26 44 30 58 50 41 26 44 32 46 38 
36 23 41 27 57 48 39 23 42 29 45 34 
32 21 37 25 56 44 37 21 41 27 43 31 
30 34 23 55 41 35 oe 39 25 42 29 
8 |_| 53 27 os 28 : 32 22 53 37 33 se Jo 2 37 23 40 27 27 oh 
9 60 53 26 - 27 ae 30 20 51 34 31 i 33 20 35 22 39 26 25 “ss 
10 60 53 25 26 28 as 49 32 29 31 33 21 37 25 24 
11 60 53 24 ea 25 , 27 és 46 30 28 ma 30 on 32 20 36 24 23 oi 
ia 12 60 o3 23 24 26 44 29 27 29 31 20 35 23 22 
13 60 22 ee 24 26 42 28 26 28 30 34 22 21 
4 59 52 22 23 25 os 41 27 25 28 oe 29 33 22 21 
15 59 52 22 ee 23 25 40 27 25 27 28 as 32 21 20 
16 59 51 21 23 24 39 27 24 27 se 28 31 21 
18 58 51 21 ee 22 24 38 26 24 on 26 27 ae 29 20 
20 58 50 20 21 23 37 26 23 25 26 28 20 
22 58 49 21 23 36 26 23 24 25 oe 28 
‘ 24 57 48 20 22 35 25 22 24 25 27 
26 57 47 22 3 35 25 22 24 25 27 
28 57 46 22 ee 34 25 21 23 25 26 
30 57 45 ee oe 21 34 24 21 23 os 24 26 ae 
32 57 44 ae 21 33 24 21 23 24 25 


Hardness Limits of H-Steels (Continued) 
(For hardenability bands, see page 20-A and following; for chemical compositions, see page 7.) 
Distance 


a AISI-SAE H-Steels; Data as oi February 1954 


End, Six- 


teenths Rockwell C Hardness 
ofanin. Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min 


5130-H 5132-H 5135-H 5140-H 5145-H 5147-1 5150-H 5152-H 5160-1 6120-H 


1 56 49 57 50 58 51 60 53 63 56 64 57 65 59 65 59 60 48 
2 55 46 56 47 57 49 59 52 62 55 64 56 65 58 65 58 60 47 
3 ) 42 54 43 56 47 58 50 61 3 63 55 64 57 65 8 60 45 
4 51 39 52 40 ) 43 57 48 60 51 62 a4 63 6 64 7 65 st) 42 
5 49 35 35 54 38 56 43 54 48 62 53 62 63 65 
6 47 32 18 32 52 15 54 38 58 42 61 fl 49 63 64 
7 45 30 45 29 0 $2 §2 35 57 $6 61 49 io 42 62 3 O4 2 BE) 
& 42 28 42 27 47 0 50 33 56 35 0 45 a) 8 i2 51 63 47 43 
9 40 26 40 25 45 2% 48 31 55 33 60 40 8 i 61 48 62 42 s2 
10 38 25 38 24 43 27 46 30 53 32 37 60 61 
11 37 23 37 23 41 25 45 29 52 31 35 60 42 0 $7 31 
12 36 22 22 40 24 43 28 30 58 32 39 
13 35 21 21 2 42 27 48 30 33 $1 50 38 
4 34 20 34 20 38 22 40 27 47 29 7 32 41 58 37 
: 37 2 7 32 f 
1 
1 


6150- 
1 63 56 65 59 46 39 48 41 50 43 52 45 54 7 56 49 58 51 59 o2 
2 63 55 65 58 44 33 47 37 49 39 51 41 52 3 j j i 


64 


8640-H & 
8641-H 8642-H 8645-H 8650-H 8653-H 8655-H 8660-H 8720-1 


60 53 62 20 63 56 65 oY 65 59 in 60 60 44 41 62 a) 
2 60 53 62 54 63 56 65 58 65 59 Be 59 a 60 47 38 2 > 
3 60 52 62 53 63 55 65 57 65 59 aad 59 ‘e oo 45 35 f2 o4 
4 59 51 61 52 63 64 57 65 58 58 60 42 
5 59 49 61 52 64 56 65 58 57 60 38 26 2 


3 
2 27 49 30 J6 7 33 23 
1 27 47 59 35 ol 23 
1 22 


9850- 86B45-H 


1 65 59 60 ; 60 ’ 60 43 36 60 53 65 59 63 56 

2 65 59 60 60 60 43 35 60 53 65 59 63 a6 

3 58 Ho 57 60 43 35 53 Ho 62 

4 64 7 "4 i) 65 Dt) 60 42 34 Oo 53 65 59 62 54 

ti: 46 65 ‘ 58 42 32 60 53 65 59 

6 63 56 62 41 64 52 65 56 42 31 60 53 65 59 ol 53 


45 33 49 57 ‘6 Jf 26 58 46 65 7 ” 49 
43 33 45 55 36 26 58 45 64 7 
12 32 43 51 36 26 57 44 64 7 
40 32 42 48 35 35 26 57 43 4 a a) 45 
38 31 39 45 4 35 26 56 41 63 4 oe 42 

20 55 tS 37 31 38 32 43 $3 35 25 55 39 62 2 rts ht) 

22 53 “4 36 30 37 41 3 34 25 55 36 62 7 

24 52 $3 36 30 $7 $1 39 2 34 295 55 i 61 49 7 

26 51 33 35 2 m § 

28 aD 32 35 

40 49 32 335 

32 48 32 3 
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38 
33 
] 
24 
23 
21 
21 
20 
20 31 ; 31 35 36 23 41 25 4 29 43 28 53 32 7 $2 28 
22 30 30 34 35 21 39 24 53 27 42 27 53 31 46 31 27 
24 29 , 29 ; 33 34 20 38 23 52 ws 41 26 51 30 45 Jo 26 
26 27 28 32 34 37 22 51 25 40 25 SO 29 44 20 25 
28 26 27 32 33 37 21 DO 24 3y 24 46 27 43 28 25 
30 25 26 31 33 36 49 22 23 47 26 4% 2h 24 
32 24 By 25 ‘ 30 32 : 35 - 48 21 38 22 45 25 42 27 23 : 
4 62 54 38 24 41 27 44 30 46 32 48 35 52 55 45 48 4 
5 61 52 63 55 34 20 37 23 40 26 43 29 45 42 aT) 35 54 42 56 45 
6 61 49 63 53 3 | 7. 34 21 37 24 40 27 43 29 47 $2 53 30 55 42 P 
7 60 45 62 50 28 ; 32 a 34 22 37 25 40 27 44 29 51 35 ae 3u 
8 59 42 61 47 27 30 = 32 20 35 23 38 26 il 28 50 33 53 a6 
9 58 39 61 43 26 29 ade 31 rea 33 22 36 24 39 27 48 31 | 34 
10 57 38 60 41 25 ah 28 ee 30 sae 32 21 34 24 37 26 46 30 49 32 
11 56 37 59 39 24 27 - 20 os 31 20 33 23 35 25 45 24 7 at 
12 55 36 58 38 23 26 ae 28 ne 30 32 22 od 24 43 28 it wo 
13 54 35 57 37 23 ' 25 ae 27 o 29 31 21 $3 23 41 27 4 20 4 
14 52 35 55 36 22 25 ‘a 26 dé 28 és 20 21 33 22 40 26 43 26 
15 51 34 54 35 22 ; 24 a 26 ia 28 wd 30 20 $2 22 38 25 il 27 
16 33 52 35 21 24 25 27 29 20 21 a7 25 40 26 
18 49 32 50 34 21 23 25 27 26 30 21 36 24 30 25 
20 48 31 48 32 20 23 ‘a 24 me 26 ape 28 30 20 35 233 37 25 
22 17 30 47 31 23 24 26 28 20 20 34 23 36 24 
24 46 29 46 30 23 24 26 27 29 33 23 24 
26 15 27 45 29 23 24 26 27 int 2 33 23 35 24 
28 44 26 14 27 22 24 +e 25 27 29 33 22 $5 24 
30 43 25 43 26 ‘ 22 na 24 ‘in 25 - 27 oa 29 ie 32 22 35 23 
32 42 24 42 25 on “ss 22 ae 24 ee 25 wi 27 ae 29 ee 32 22 $5 23 
8740-1 8742-H 
6 58 60 48 61 50 63 54 64 57 59 35 24 
7 57 42 59 45 61 48 63 53 64 57 7 55 oa 58 33 22 57 43 59 47 
& 55 39 58 42 60 45 62 SO 64 56 : 54 57 31 21 6 40 nis 4 
9 54 36 57 39 59 41 61 47 63 55 52 ; 55 40 20 55 37 57 4) 
10 52 4 55 37 58 39 oo 4 63 53 65 49 53 29 53 35 it 3 
11 50 32 54 34 56 37 41 63 49 65 46 28 52 a4 
12 49 31 52 33 55 35 59 39 62 4i 43 47 27 $2 bo 
13 47 30 50 32 54 34 58 37 62 45 64 il . 45 26 49 31 52 “4 
14 45 29 49 31 52 33 58 36 62 44 63 44 26 
15 44 26 48 30 51 32 57 35 62 43 65 au 43 25 TH 40 1" 32 
16 42 26 46 29 4 31 56 34 61 42 62 38 65 42 25 ‘ 45 20 41 a1 
18 41 26 i4 28 47 30 55 33 61 40 61 37 64 40 24 bg 43 28 46 ai) 
20 39 26 42 26 45 20 53 32 60 oo 4 24 4? 24 45 2 
22 38 25 41 27 4 _ 41 27 43 2 
24 38 25 40 27 } 40 27 42 26 
26 37 24 40 26 39 27 42 24 
28 37 24 39 26 } a 39 27 i 24 
30 37 24 39 26 4 oe! 38 26 41 2H 
32 37 24 39 26 4 i 38 26 40 27 
8750-H 9260-H 9261-H 9262-H 9310-H 9840-H 
8 62 53 D8 36 63 42 64 4% 41 29 60 52 65 58 60 52 
9 62 51 55 36 62 39 63 42 40 28 59 51 65 58 60 | a. 
10 61 9 52 35 60 37 62 ay 40 27 59 51 65 58 60 51 
11 60 47 49 34 57 36 61 37 39 27 59 49 65 58 59 w 
12 60 5 47 “4 4 36 59 37 38 26 58 


tained in no other way 
consider the hardenability of 8640-H. 
The commercially accepted limit for 
minimum reaction to a quench is 80% 
martensite. Figure 4 shows that for 
the minimum carbon content of this 
grade (0.37'.) an 80° martensite 
structure has a hardness of Rockwell 
C45. The haidenability band for 8640-H 
‘page 20-C) gives the minimum end- 
quench distance at Rockwell C45 as 
6/16 From Fig. 3 it is noted the 
largest size round, corresponding to 
6/16, that will harden to the center 
when oil quenched is 1 in. and for 
,-radius, 1 in. No carbon steel will 
harden to these depth when oil 
quenched (Water quenching is not 
considered because 8640-H is not usu- 
ally so quenched in these sizes.) 
When the service requirements are 
such that hardening must produce a 
higher percentage of martensite than 
the 60°. usually accepted in commercial 
practice, the size that can be hardened 


For example, 


to a given depth decreases rapidly. 
70 
60 = 
50 % Martensite 
Ba (Read Left) 
30} 60 
% Moartensite 90 
(Read Right) 
| 
« 
5 
I - er 
ex 9O % Martensite 
40 (Read Left) 
4 
@ 
| 
| + 
Martensite 
(Head Right) 
30 
‘ o-f 7 
4o} | | 
‘ 
| 50% Martensite 
30} (Read Left) 
| 
20 030 040 O51 060 O70 O8O 
Percentage Carbon 
Fig. 4. Hardness of Martensite 


Structures as a Function of Carbon 
Content |Hodge and Orehoski, 
Trans AIME, 167, 627 (1946) | 


Thus, for 8640-H on a 95° martensite 
basis, the minimum hardness would be 
Rockwell C 51 (Fig. 4). The largest size 
that can be hardened in oil would be 
in. to the center and 1 in. to %- 
radius. Even the deepest-hardening of 
the commonly used alloy steels, 4340-H, 
will harden to the center in only a 2-in. 
size on a 95°) martensite basis, where- 
as on an 80°) basis (Rockwell C45) a 
3%.-in. round will harden to the center 
in oil 
These examples illustrate the need 
for caution in deciding that very deep 
hardening or unusually high percent- 
ages of martensite in the hardened 
portion are necessary. The commonest 


result of such decisions is over-specifi- 
cation of steel and higher cost. 


METAL PROGRESS, PAGE 10 


Selection Procedure 


For quick reference in selection, Ta- 
ble IV lists in order of increasing cost 
‘as of May 1954) steels that have the 
minimum hardenability necessary to 
meet the requirements of Rockwell C 45 
at ‘,-radius, '+-radius and the center, 
for the maximum sections shown in 
the various columns. Selection should 
be based on Rockwell C45 at “,-radius 
except where it is established that 
greater depth of hardening is required. 

The size ranges given as column 
headings in each of the six parts of 
Table IV are necessarily arbitrary and 
they will not fit all problems For 
example, if it is desired to know the 
lowest cost steel that will harden to 
‘,-radius in 1%,-in. cross section, the 
end-quench test bar distance should be 
found in Fig. 3 (7/16 for oil quench) 
and the hardenability bands on pages 
16 to 20-E examined for a suitable steel. 

As a simplification, Table IV is based 
on constant hardness ‘Rockwell C 45) 
as representing 80°) martensite at all 
carbon levels. Figure 4 shows that this 
is not strictly true. Therefore, as pre- 


viously explained, the most precise 
60 

20 

5 

40} 

= 3 

Minimum 8635-H7 

O 4 8 12 /6 20 24 

Distance From Quenched End, sixteenths 

Fig. 5. Minimum Hardenability of 


8635-H and 8650-H 


selection of steel can be made by first 
finding the hardness level for the de- 
sired percentage of martensite at any 
carbon content from Fig. 4; then find- 
ing the end-quench distance for the 
required depth of hardening from Fig. 
3 and, finally, selecting a steel having 
the desired minimum hardness at the 
proper end-quench distance, from the 
hardenability bands. Table IV is accu- 
rate enough for many commercial pur- 
poses 
Heat Treating Conditions. The con- 
ditions of heat treatment to produce 
the anticipated results are: 
1 The furnace 
protective 


should have a suitable 

atmosphere 

2 Pieces should be loaded in the furnace 
so that each part is adequately heated 
to hardening temperature 

3 Pieces should be quenched so as to al- 
low good access of quenching fluid to 
each part 


4 Agitation of the oil or water should 
be provided or the piece should be 
kept moving in the quench 

5 The quenching oil should be main- 


tained between 90 and 140 F 
ing water 


Quench- 
should be kept below 80 F 

Effect of Carbon. So far, the minimum 
hardenability required of a steel has 
been considered in relation to the 
critical cross section of the part, and 
it has been established that if excess 
hardenability is supplied, one result 
will be increased cost of steel. This is 
one factor in determining the upper 


The 
other principal limiting factor is the 
hardenability imparted by carbon. Fig- 
ure 5 shows the difference between 
the minimum hardenability curves for 
8635-H and 8650-H, wherein the alloy 
content is approximately the same 
and the effects of carbon alone can be 
clearly seen. The hardness effect is 
shown by the vertical distance between 
the two curves at the 1/16 position— 
that is, a difference of 8 points Rock- 


limit of applicable hardenability. 


well C. The hardenability effect is 
read on the horizontal axis. Taking 
Rockwell C45 as an example, this 


effect is 616 (10/16 minus 4/16). 

It must be clearly understood that 
the illustrated hardenability effect of 
carbon is for this particular steel only; 
it will be different for other steels. 
Furthermore, the effect of carbon alone 
is very much less than when it is in 
combination with an alloying element. 
Actually, the hardenability effects of 
carbon and the alloying elements, in- 
cluding manganese, when used in com- 
bination are multiplicative, as discussed 
on page 494 of the 1948 Handbook. 


Maximum Hardenability for Minimum 


Section. Practical advantage is often 
taken of this hardenability effect of 
carbon. For example, if it is found 


that 4137-H will not provide the neces- 
sary minimum hardenability, 4142-H 
might be tried. The minimum harden- 
ability will be increased by 4/16 at 
Rockwell C45, a worthwhile increase. 
The danger is that, by increasing car- 
bon to provide greater hardenability, 
the maximum as-quenched hardness is 
also increased. Many parts have a thin 
section sensitive to both maximum 
hardenability and high as-quenched 
hardness, and because of this combined 
effect of higher carbon, such sections 
often break during quenching 

Consider for example a shaft of 2% 
in. diam with a flange 's in. thick upset 
on one end; bolt holes in the flange 
leave only *. in. of metal between the 
edge of the flange and hole. The max- 
imum hardenability of 4137-H is not 
too high for these '» by “s-in. sections 
but Fig. 3 and 4 show that at Rockwell 
C 43 for 80°. martensite, the minimum 
hardenability of 4137-H will not allow 
the shaft to be hardened to “*,-radius. 
The hardenability of 4142-H is satis- 
factory for the shaft but the flange 
cracks at the bolt holes. The possible 
remedies are: (1) Drill the bolt holes 
after quenching and tempering; (2) 
reduce the effectiveness of the quench 
at the outer edge of the flange; (3) 
reduce the carbon content to that orig- 
inally used but increase the alloy con- 
tent enough to meet the hardenability 
requirements of the shaft. 

In this example, the only steels that 
would meet the requirements with an 
oil quench would be 4337-H or 9840-H 
Because of the thin flange section, 
water quenching of any steel except 
perhaps plain carbon would be certain 
to cause breakage and the shaft hard- 
enability requirements cannot be met 
with plain carbon steel. Because of 
the cost of either of the oil-quenching 
alloy steels it would be well to try the 
first two suggested remedies. 

There is need for even more caution 
in selecting carbon steels, especially for 
water quenching. These steels cannot 
be purchased on a hardenability basis 
(as of May 1954), and generally ac- 
cepted quantitative information is lack- 


Hi 


ing. Therefore, reliance must be placed quenched and tempered to Rockwell obvious remedy is to use C-1144, oil 
on experience, which has amply demon- C30 to 36. Because of the final hard- quenched ‘(Table IV). The vital con- 
strated that the carbon steels are not ness required, it is desirable to do all sideration is that the maximum hard- 
only sensitive to the minimum harden- turning before hardening, and for enability permitted by the minimum 
ability required by maximum section as good machining a free-cutting steel is section is often as important as the 
shown by Table IV but, conversely, needed. Close dimensional control is minimum hardenability required by the 
they are most sensitive to maximum not a prime requirement. There is maximum section 
hardenability at minimum section some cold drawn C-1137 in stock, and When the requirements of the mini- 
For example, consider a *.-in. diam Table IV shows that this steel can be mum section govern selection, as shown 
Shaft with a reduced section *,-in used if water quenched. When heat by the above examples of alloy steel 
diam, 1 in. long at one end, to be’ treated, the small end cracks. The and carbon steel shafts, both the steel 


Table IV. Selection of Uncarburized (“Through-Hardening”) Steels by Hardenability Criteria 


Steels of minimum hardenability necessary to meet the requirements of Rockwell C 45 
at ‘,-radius, '2-radius and the center, as quenched, for the maximum sections shown 
in the various columns. Steels are listed in the order of increasing cost, as of May 1954 


Diameter of Piece as Quenched, in Diameter of Piece as Quenched, in 
Over ', Over 1 Over 1', Over 2 Over 3 Over 4, Over 1', Over I! Over 2 Over 3 
Through Through Through Through Through Through Through Through rhrough Through Through Through 
1 2 3 4 2 3 4 
Equivalent Position on End-Quench Hardenability Specimen -- Equivalent Position on End-Quench Hardenability Specimen 


2 16 4 16 6 16 8 16 13.16 18 16 1 16 2 16 3 16 416 6 16 816 


Selected to Develop Rockwell C 45 at *,-Radius as Quenched 
Oi Quench Water Quench 
C-1042 1340-H 4135-H 5147-H 4145-H 4150-H C-1038 C-1040 C-1041 1340-H 4135 5147-01 
C-1045 5140-H 4137-H 5160-H 4147-H 4337-H C-1137 C-1942 C-1141 5140-H 4137 4140-1 
C-1137 8635-H 6640-H 4140-H 8653-H 4340-H 8627-H C-1045 C-1144 8635-H 4142-H 
C-1141 8637-H £642-H 8645-H 8660-H C-1137 1335-H B637-H BH42- 8645-H 
C-1144 3135-H €740-H 8742-H 9840-H 1330-1 5135-H $135-H B740- 
1330-H 3140-H 6150-H 5130-H 4042-11 3140- 
5130-H 6145-H 5132-H 3130-1 4040 
5132-H 4640-H 4032-H 
4037-H 4037-H 
4042-H 4130-H 
4130-H 8630-H 
8630-H 
3130-H 


34-Radius 


Diameter of Piece as Quenched, in ‘ Diameter of Piece as Quenched, in 
Over ', Over Over 1', Over 2 Over 3 Over Over Over Over 2 Over 3 
Through Throuesh Through Through Through Through Through Through Through Through Through Through 
2 3 4 2 3 4 
Equivalent Position on End-Quench Hardenability Specimen --Equivalent Position on End-Quench Hardenability Specimen 
3 16 516 7'2 16 10,16 15,16 20 16 1 16 316 4 16 616 9 16 12,16 


1 R . Selected to Develop Rockwell C 45 at '.-Radius as Quenched 

il Quench Water Quench 
C-1041 1340-H 5147-H 5152-H 4337-H 4340-H C-1038 C-1041 1340-H 4135-H 4140-H 4142-11 
C-1141 5145-H 9261-H 8650-H 86B45-H C-1137 C-1141 5140-H 4137-H 4145-l® 
C-1144 9260-H 8645-H 8655-H 8627-1 C-1144 8635-H 
335-H 8637-H 6742-H 1335-H 8637-H 8642- 
5135-H 4053-H 6150-H 5135-H 3135-H B740- 
4042-H 3135-H 4042-1 3140 
3130-H 3130-H 4640- 


Diameter of Piece as Quenched, in Diameter of Piece as Quenched, in 
Over 04 Over 1 Over Over 2 Over 3 Over 04 Over 1 Over Over 2 Over 3 
Through Through Through Through Through Through Through Through rhrough Through Through Through 
o4 l', 2 3 4 o4 l l', 2 3 


Equivalent Position on End-Quench Hardenability Specimen Equivalent Position on Fnd-Quench Hardenability Specimen 
3 16 6 16 16 12 16 16 26 16 1 16 316 5', 16 13.16 1816 


Selected to Develop Rockwell C 45 at the Center as Quenched 
Oi Quench Water Quench 
C-1041 4135-H 5160-H 4142-H 4150-H F-45408 C-1038 C-1041 1340-H 5147-Hi 4145-11} 4337-11 
C-1141 4137-H 4140-H 8653-H 4337-H 985U0-H® C-1137 C-1141 5145-H 4140-1 4540-1 
C-1144 8640-H 6150-H 6660-H 4340-Ht 8627-11 (-1144 4142-11 
1335-H 6642-H 335-H 3140-1 8645-Hi 
5135-H 8740-H §135-H 8742-11 
4042-H 3140-H 4042-H 
3130-H 6145-H 3130-H 
4640-H 


Center 


The steels shown in this table are those with minimum hard- imum hardenability requirement is 4/16 
enability suflicient to develop a hardness of Rockwell C 45 at 44- When more than one carbon level in the same type of steel i 
radius, 'z-radius or the center of sections of the maximum si7«¢ shown in a column (for example, 1335-H and 1540-H) the steel with 
hown in each column. This hardenability can be achieved with the higher carbon range will have the higher hardenability but it 
certainty only when the exterior surface of the part is machined minimum hardenability is not sufficient to place it in the next col 
prior to hardening and when the steel is heated in a protective umn to the right 
atmosphere. Otherwise, it may be necessary to select a steel from Because of danger of quench crackit all stee of oO C or 
the next column to the right to achieve the desired results more, regardle of hardenability, have been eli ited from the 
At their maximum hardenability, all steels will meet the re- table for water que ng, except 5147-H (052 1a im tive 
quirements for larger sizes. For example, at its minimum harden- last column under the *4-radius criterion 
ability, 8640-H meets the 6 16 requirement, at its maximum hard- Because of variation in chromiu content xx-H steel 
enability. it meets more than the 13.16 requirement in any column are listed in the order of inerea j bon content 
In making substitutions, any steel may be shifted to the left, but not necessarily in the order of increa 
that is, to a smalier section size, but caution is necessary in apply- ® Hardenability is somewhat higher thar minimum required 
ing higher-carbon steels to lighter sections. For example, it is not 1 Because of their higher carbon content Is are more 
recommended that 5160-H, oi] quenched, be applied when the min- likely to crack during qu 
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selection and processing conditions be- 
come much more restricted than when 
the maximum section only must be 
considered. This is true for all steels 
in all size classifications listed in Table 
IV but, as stated previously, it is of 
particular importance in selecting car- 
bon steels. It also explains why, re- 
vardless of hardenability, all steels of 
maximum 0.50°% C and over, regardless 
of hardenability (except 5147-H), have 
been eliminated from those parts of 
Table IV which relate to water quench- 
ing. It may not be inferred that 
higher-carbon alloy steels will not 
crack in quenching. This is an ever- 
present danger when using deep-hard- 
ening steels in any section and it is 
of particular concern in sections 3-in. 
diam and larger, even when they do 
not harden to the center. 

Selection of Carbon Content. The sig- 
nificance of the relation between the 
hardness of as-quenched steel (Fig. 4) 
and the carbon content now becomes 
apparent. First, the higher-carbon 
steels transform to martensite at a 
lower temperature. At this temperature, 
the steel is less plastic and therefore 
less able to withstand the strains set 
up by the volume increase (about 114%) 
when austenite transforms to martens- 
ite. Second, the higher-carbon mar- 
tensites are harder and more brittle, 
and cannot withstand so well the severe 
strains set up in quenching; thus, pieces 
with unfavorable configuration, such as 
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Fig. 7 

and Yield Strength 

and Tempered Steels (SAE Hand- 
book, 1953) 


Relation of Tensile Strength 
for Quenched 


the shaft with flange, develop quench 
cracks. This brittle behavior of as- 
quenched martensite is sometimes en- 
countered when uniform sections are 
hardened to the center, and it is an 
ever-present problem when large sec- 
tions are hardened, especially if surface 
imperfections such as deep seams, 
notches and similar stress raisers are 
present. 

An old rule for the selection of steels 
for heat treating states that the carbon 
content should be no higher than that 
necessary to produce the required hard- 
ness in quenching. The hardenability 
concept does not substantially alter 
this rule. It should be clearly under- 
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stood that the relationship discussed 
here is for as-quenched martensite. It 
is a processing consideration only and 
does not apply to tempered martensite, 
the condition in which steels are used 
in service. 

The foregoing discussion develops 
the reason for the closely spaced and 


100. 200 ) 
Brinell Hardness Number 


“400. 500 


Fig. 6. Relation of Tensile Strength 

and Hardness for Hardened and 

Tempered, As-Rolled, Annealed, and 

Normalized Steels (SAE Handbook, 
1953) 


overlapping carbon ranges for both 
carbon steels and alloy steels. At first 
glance, it appears that so many carbon 
ranges are unnecessary and that the 
number of available steels could be re- 
duced. From the standpoint of engi- 
neering use alone this is true, but from 
a processing standpoint, there is dem- 
onstrated need for the steels listed. 
The innumerable combinations result- 
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600 B00 1000 1200 
Tempering Temperature, deg Fahr 
Fig. 8. Effect of Tempering Tem- 
perature on the Tensile Strength 
and Hardness of Carbon and Alloy 
Steels. Data from steels of 0.30 to 

0.505. C (SAE Handbook, 1953) 


ing from engineering requirements for 
mechanical properties, critical section 
of part with respect to both low and 
high hardenability, and the differences 
among various heating and quenching 
equipments, require fine gradations in 
steel composition to make mass pro- 
duction possible. The initial selection 
of steel for a part may well be in 
increments of 0.05°° C—that is, 1035- 
1040-1045-etc. The later refinements 
to meet the often narrow limits be- 
tween satisfactory and unsatisfactory 


processing make use of the intermedi- 
ate ranges. 

The foregoing discussion may be 
summarized by saying that the most 
important function of the alloying 
elements in heat treatable steel is to 
increase hardenability. This effect 
makes possible, first, the hardening of 
larger sections than is possible with 
carbon steel, and, second, the use of 
the gentler oil quench to reduce distor- 
tion and sometimes to prevent break- 
age, thus improving quality and lower- 
ing the cost of manufacture. For a 
detailed discussion of the mechanism 
by which alloying elements produce 
these results, reference should be made 
to the article beginning on page 453 of 
the 1948 Handbook. 


Similarity of Tensile Properties 


When quenched to martensite and 
tempered to the same hardness, all 
carbon and alloy steels have similar 
tensile properties in that part of the 
cross section which reacts to the 
quench. If carbon steel has the hard- 
enability required by the critical section 
of the part and the quench used, the 
resulting tensile strength, yield strength 
and percentage elongation in the fully 
hardened zone will be within the same 
range as the properties exhibited by a 
similar zone in an alloy steel quenched 
and tempered to the same hardness. 
This similarity in properties of the 
hardened zone holds regardless of the 
depth of hardening but, of course, the 
strength of the piece will be governed 
by the thickness of the hardened zone 
‘(depth of hardening). 

Figure 6 shows the relation between 
hardness and tensile strength for all 
the commonly used constructional 
steels, both carbon and alloy, as 
quenched and tempered or as_ hot 
rolled. 
liable for cold drawn steels. 
shows the relation 


However, the relation is unre- 
Figure 7 
yield 


between 


‘ z 


Percentage Reduction 
Fig. 9. Relation of Tensile Strength 
and Reduction of Area for Quenched 
and Tempered Steels (SAE Hand- 
book, 1953) 


of Area 


strength and tensile strength; Fig. 8, 
the approximate hardness after tem- 
pering at different temperatures. The 
important exception is the relation be- 
tween tensile strength and reduction 
of area: Fig. 9 shows that, for any 
tensile strength, the reduction of area 
of carbon steel is less than that of alloy 
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steel. In applications where this prop- 
erty is important, this difference must 
be taken into consideration but it 
should be noted, first, that the values 
do not drop to questionable levels until 
very high strength is reached and, 
second, that in many applications ‘for 
example, springs) low values of ductil- 
ity do not impair service. In fact, 
within the limits of the section-hard- 
enability relationship, more springs are 
made from carbon steel than from alloy 
steel. Thus it may be concluded that, 
in spite of some difference in resulting 
properties, the principal physical dif- 
ference between carbon and alloy steels 
is hardenability. 

When only the alloy steels are con- 
sidered, it is found that, for all prac- 
tical purposes, all compositions develop 
the same tensile properties when 
quenched to martensite and tempered 
to the same hardness. Figure 10 shows 
the range of properties for all com- 
monly used alloy steels. It is evident 
that, except for the circumstances dis- 
cussed below, alloy steels of the 
through-hardening grades can be se- 
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lected on the basis of the lowest cost 
steel that provides the required hard- 
enability and behaves satisfactorily in 
processing. It may not be inferred 
that all tempered martensites of the 
same hardness are alike in all respects. 
The lower reduction of area values for 
plain carbon martensite have been 
pointed out A further difference, 
sometimes important, is that fully 
quenched alloy steels require, for the 
same hardness levels, higher tempering 
temperatures than carbon steel. This 
temperature difference may be pre- 
sumed to reduce the residual stress 
level in finished parts 

There are important differences in 
machinability, too. In the alloy steels 
it has been demonstrated that, other 
things being equal, those martensites 
containing nickel, chromium and mo- 
lybdenum machine better than others 
when the hardness is 300 Brinell or 
more. Carbon steels machine satisfac- 
torily up to about 300 Brinell, but above 


300 alloy steels are superior. This dif- 
ference seems to be the result of two 
factors: First, with an equally effective 
quench for each steel, the alloy steel 
will have been tempered at a higher 
temperature. Second, the carbon steel, 
because of its lower hardenability, may 
have been less effectively quenched. 
This results in less uniform structure 
and makes necessary a further lower- 
ing of the tempering temperature, both 
of which contribute to decreased ma- 
chinability. 

In this connection, it will be noted 
from the hardenability data on pages 
16 to 20-E that several alloy steels can 
be selected having substantially the 
same hardenability. Such a grouping 
can be narrowed by comparing the 
hardenability at constant carbon range, 
thus bringing into sharper focus the 
differences in hardenability between 
types of alloy steel. When there is no 
background of experience in the differ- 
ences that may show up during proc- 
essing because of the peculiarities of a 
particular plant, the first choice should 
always be based on cost of alloy at 
the required carbon level. Prior sound 
experience may justifiably alter this 
choice. 


Steels for Case Hardening 


The most used case hardening proc- 
esses, carburizing, carbonitriding and 
cyaniding, and the steels commonly 
processed by them, are discussed in 
detail on pages 677 to 697 of the 1948 
Handbook. To that information should 
be added the fact that many alloy 
steels are now specified on the basis of 
core hardenability. Although the same 
considerations generally apply as have 
been given for the selection of uncar- 
burized grades, there are some pecu- 
liarities in carburizing applications 

First, in a case hardened steel the 
hardenability of both case and core 
must be considered. Because of the dif- 
ference in carbon content, case and 
core have hardenabilities quite differ- 
ent; moreover, the two regions have 
different functions to perform in serv- 
ice. Until the introduction of lean al- 
loy steels such as the 8100 series, with 
and without boron, there was little 
need to be concerned about case hard- 
enability because the alloy content 
combined with high carbon content al- 
ways provided adequate hardenability. 
Also, when the alloy content rose above 
2°, the temperature range of martens- 
ite formation in the case was frequently 
lowered enough so that elaborate treat- 
ments were often necessary to combat 
the retention of excessive amounts of 
austenite 

With the use of lean alloy steels as a 
conservation measure in recent years, 
case hardenabilities have often been 
lower than those shown by alloy steels 
of 1 to 2°) total alloy content, and in- 
stances of insufficient hardenability 
have been reported Information on 
case hardenability is now accumulating 
but it is not yet sufficient to provide 
dependable data in summary form 

The hardenability of the steels as 
purchased will be the core hardenabil- 
ity. Because these low-carbon steels, 
as a class, are shallow-hardening and 
because of the wide variation in the 
section sizes of case hardened parts, 
the hardenability of the steel must be 
related to some critical section of the 
part—for example, the pitch line or the 


root of a gear tooth. This is done best 
by making a part of a steel of known 
hardenability, heat treating it and 
then, by means of equivalence of hard- 
ness, relating the hardenability in the 
critical section or sections to the proper 
positions on the end-quench harden- 
ability specimen. 

Core Hardness. Because of the com- 
plex and often severe service require- 
ments of gears, the specification of core 
hardness is most often attempted for 
gear teeth. To the previous analysis of 
this problem (page 682, 1948 Hand- 
book) can be added that the limiting 
factor for maximum core hardness ap- 
pears to be the residual stress pattern 
As the core hardness rises and ap- 
proaches that of the case, the compres- 
sive stress in the case is reduced and 
may eventually become tensile. Such a 
condition is often the cause of tooth 
breakage at the root. These are not 
fatigue failures; instead they occur 
suddenly and are often of a brittle 
type, even though the steel is tough by 
all ordinary standards 

Such behavior makes it necessary to 
re-examine the time-honored idea that 
a case hardened part requires a tough 
core to prevent such failures. These 
failures start in the case, and the only 
effect “toughness” in the core could 
have would be on the rate of progress 
of the failure. While higher toughness 
in the core might slow the progress of 
fracture, it could not prevent such 
progress. Consequently, the proper 
combination of case depth, core hard- 
ness and treatment must be developed 
to provide a satisfactory residual stress 
pattern 

A common mistake is to specify too 
narrow a range of core hardness. When, 
as in good practice, the final quench is 
from a temperature high enough to 
allow the development of full core 
hardness, the hardness variation at any 
location will be that of the harden- 
ability band of the steel at the corre- 
sponding position on the end-quenched 
hardenability specimen. There is no 
known way to alter this state of affairs 
In the commonly used alloy steels con- 
taining a maximum of 2% total alloy 
content, the range for the core hard- 
ness of sections such as gear teeth i: 
12 to 15 points Rockwell C. Higher- 
alloy steels exhibit a narrower range; 
for example, in 4815 the range is 10 
points and in 3310 it is 8 points. Such 
steels are justified only for severe 
service or special applications. 

Thus the selection of steels for case 
hardening applications is more com- 
plex than for others. In addition to the 
factors already mentioned, there are 
highly variable conditions in heat treat- 
ing and sometimes differences of opin- 
ion, even among qualified enginee! 
The subject can be simplified to some 
extent by dividing it into applications 
involving (1) gears and similar parts 
and (2) all other applications 

Gears are almost always oil quenched 
because distortion must be held to the 
lowest possible level. This means that 
alloy steels are usually selected—which 
particular alloy is much debated. The 
lower-alloy steels such as 4023, 51xx-H 
4118, 86xx-H and 4620-H, with a car- 
bon range between 0.15 and 0.25%, are 
in wide use and are generally satisfac- 
tory. The first choice would usually be 
made from the last two steels men- 
tioned, as either should be safe for all 
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ordinary applications. The final choice, 
based on service experience or dyna- 
mometer testing, should be the lowest- 
cost steel that will do the job. To this 
list should be added C-1024 which, al- 
though not classed commercially as an 
alloy steel, has sufficient manganese to 
make it oil-quenching up to an end- 
quench correlation point of 3/16. For 
heavy-duty applications higher-alloy 
grades such as 4320-H, 4817-H, 2515-H, 
3310-H and 9310-H are justifiable if 
based on actual performance tests. Life 
testing of gears in the same mountings 
used in service, to prove both the de- 
sign and the steel selection, is particu- 
larly important for heavy-duty appli- 
cations 

The carbonitriding process extends 
the use of carbon steels such as 1016, 
1018, 1019 and 1022 into the field of 
light-duty gearing because it makes 
the case oil-quenching in teeth 8 diam- 
etral pitch and finer. Steels selected 
for such application should be specified 
silicon killed, fine grain, to insure uni- 
form case hardness and dimensional 
control. The core of such gears will, of 
course, have the properties of low- 
carbon steel, oil quenched. In the thin 
sections of fine-pitch teeth this may be 
up to Rockwell C25. The carbonitrid- 
ing process is usually limited for eco- 
nomic reasons to maximum case depths 
of approximately 0.025 in. For addi- 
tional information, see the article 
herein entitled “Carbonitriding”. 


In Other Applications, case hardened 
steels follow the rules previously set 
forth for steel selection in general. 
When distortion is not a controlling 
factor, the carbon steels described 
above, water quenched, can be used up 
to 2 In. diam. In larger sizes, low-alloy 
steels, water quenched, such as 5120, 
4023, and 6120, can be used but dis- 
tortion and quench cracking must be 
guarded against. When considerable 
machining is done, the free-cutting 
steels, 1117 and 1118, are often used. 
In oil quenching after conventional 
carburizing, 1117 will produce full hard- 
ness of case in sizes up to % in. diam, 
and 1118 up to 1's in.; after carbo- 
nitriding the limits are approximately 
1 and 2 in. diam, respectively 

In those numerous applications where 
the service is not severe, these free- 
cutting steels. provide the advantageous 
combination of low cost, ease of ma- 
chining and oil quenching for low dis- 
tortion. Hydraulic pump parts are a 
good example. More severe service 
such as the races for needle bearings 
in accessory drives usually require al- 
loy steels for the necessary combina- 
tion of case and core properties to 
withstand the compressive loads. Steels 
such as 4023 and 6120 are useful up to 
l-in. section and 8620-H, 8720-H and 
4620-H up to 2-in 

When low-carbon stampings and up- 
set parts are to be case hardened, the 
steel must satisfy opposing require- 
ments and is selected primarily for 
cold workability. Sheet and plate are 
customarily made of rimmed steel: 
steel for upsetting is rimmed or semi- 
killed. These steels have low manga- 
nese, low silicon, and no grain size con- 
trol; consequently, their case harden- 
ing characteristics are poor. With con- 
ventional carburizing or cyaniding, 
water quenching, although accompa- 


nied by distortion troubles, is usually 
necessary to produce full case hard- 
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ness; 
spots. 
duced in the process, carbonitriding 
provides full case hardness with oil 
quenching in these steels in moderately 
heavy sections. Thus a heat treating 
process can solve a troublesome prob- 
lem in steel selection 

The highly alloyed steels 
4320-H, 4817-H, 2515-H, 3310-H and 
9310-H, besides being used in heavy- 
duty gearing, are employed in special- 
ized machinery such as oil-well drill- 
ing equipment, aircraft engines and 
earth-moving equipment, where lower 
alloy content will not produce a satis- 
factory part. 


even then, 
Because of the nitrogen intro- 


there may be soft 


such as 


Availability of Steels 


All of the steels discussed here are 
produced commercially significant 
but far from equal quantities. Al- 
though this is true of the United States 
and Canada as a geographic unit, it 
does not imply that all grades are made 
in all steel-producing districts. How- 
ever, with the exception of the South 
and the far West, most grades will be 
available from some mill. If production 
requirements are such that the grade 
selected should be purchased in mill- 
heat quantities or more, there is no 
problem of availability when the mar- 
ket is free. Since less than heat quan- 
tities must often be purchased, avail- 
ability on that basis must be considered. 


Table V. Representative Steels Avail- 
able from Warehouses 


Finish and 
Steel Size’ Remarks 
1015. . to 3 in. 
1018. and CF 


full range 


Merchant quality 
Semi-killed to 3 in. 
Silicon-killed over 
3in 
1117. .HR and CF 
full range 
1141. .CF; small 
amount HR 


Semi-killed 


1144. .CF only 
1042. .11R and CF 
full range 
4142. .HR and CF 
full range Can be used by se- 
lection for 4140 
to 4150 
4615. HR only 
8620. HR and CF 
full range 
8642. HR and many 


sizes CF Can be used by se- 
lection for 8640 
to 8650 
4340. .HR annealed 
3to6in 


(a) HR means hot rolled; CF, cold finished 


The mill representatives are the best 
source of information about the grades 
most often produced in any district so 
that orders for partial heats have the 
best chance of being filled quickly. 
Warehouse Steels. The availability 
from warehouses is naturally more lim- 
ited than from the producing mills be- 
cause of the inventory problem and 
because warehouse trade requirements 
area reflection of small-lot rather than 
large-lot consumption in the area they 
serve. While the grades available fol- 
low a certain general pattern, there 
will be considerable variation in differ- 
ent parts of the country. Table V shows 
a representative list of grades available 
from warehouses in the central part of 


the United States. Whenever ware- 
house availability is an important con- 
sideration in steel selection, inquiry 
should be made of the local sources for 
exact information, both because of geo- 
graphic location and because ware- 
house demand is constantly changing 
as prices and technology change. 


Plant Standardization of Steels 


If a steel for each of many parts is 
selected on the basis of the exact re- 
quirements of each part alone, many 
kinds of steel will be specified for the 
total list of parts. If all of the parts 
are to be produced in large quantity, it 
may be entirely practical to have each 
part made from a different steel. But 
since this is usually not true, extreme 
individualism in steel selection for each 
part can lead to serious problems be- 
cause of small usage of some or all 
items. These problems start with pur- 
chasing considerations of availability 
and cost. The cost per ton of small 
quantities is appreciably higher than 
for large quantities. Then there are 
storage and inventory problems be- 
cause of the larger number of items to 
be stocked, plus added chances of mis- 
takes in distributing the steel within 
the plant. Finally, there is the varia- 
tion in heat treating procedures re- 
quired by the individual steels. 

The other extreme is to make all 
parts from the same size and grade of 
steel. This is obviously impossible in 
all but very rare circumstances. 

The practical answer is to standard- 
ize on the fewest grades necessary to 
satisfy plant-wide usage at the lowest 
cost. This means that not all require- 
ments will be met in equal degree; 
some compromises will be necessary. 
First, the engineering requirements 
must be met fully after critical exami- 
nation and changes in the interest of 
standardization or cost reduction. Next 
come the machining requirements. If 
parts are not be be fed through collet 
chucks, the size variation in hot rolled 
steel will not be troublesome, but if 
collet chucks are used, the closer size 
tolerance of cold finished steels is usu- 
ally necessary. Other advantages of 
the close sizing of cold finished steels 
have been discussed previously. 

If carbon steels are to be used and 
the parts require extensive machining, 
the appropriate free-machining grade 
from the 11xx or 12xx series should 
be specified as its extra cost will be 
more than repaid by the increased pro- 
duction. These steels should be speci- 
fied cold drawn because the full ma- 
chining advantage of free-cutting steels 
results from a combination of their 
composition and the work of cold draw- 
ing. Obviously, if only small amounts 
of machining are to be done, such as 
cutting-off and drilling a cotter-pin 
hole at one end, free-cutting steels 
would not be economical. If the piece 
is to become part of a welded assem- 
bly, the high sulfur content of free- 
cutting steels will be bothersome. If 
heat treating is to be done, silicon- 
killed carbon steels with a minimum of 
0.60 Mn and controlled grain size are 
much to be desired because of more 
uniform behavior, but in the low-car- 
bon varieties their cost is higher than 
semi-killed steels with lower manga- 
nese content. 

The above are some, but by no means 
all, of the factors that may have to be 


considered in selection and standardi- 
zation of the fewest grades 
Standardization of 1-In. Bars. The 
following example illustrates what was 
accomplished in one plant where 31 
parts were being made from 1-in. diam 
bar stock, utilizing ten different steels. 
When part prints were examined and 
the proposed new plan of manufacture 
discussed with the Processing Depart- 
ment, it was found, as would be ex- 
pected, that the forged parts listed in 
the first two groups in Table VI should 
be made of hot rolled steel and the 
remainder of these groups, not forged, 
could most economically use steel with 
the same finish. (Either processing or 
strength considerations, or both, re- 
quired eight of the 31 parts to be made 
of cold drawn steel, listed in group 3.) 
Design considerations required that 
three parts in the hot rolled group be 
a case hardened alloy steel. Past pro- 
duction experience with similar models 
had shown that a number of alloy steels 
could be used but some were more ac- 
ceptable than others from a machining 
standpoint. 8620-H had not been among 
the steels previously used but from a 
consideration of its hardenability, plus 


favorable shop experience with this 
grade on other parts, it was decided 
that it would be satisfactory for two 


of the shafts but that 8625-H would be 
required for the third one. This par- 
ticular alloy combination was high on 
the availability list and cheap. After 
the initial selection, production experi- 
ence and dynamometer testing of the 
gears showed that the 8625-H could be 
replaced with 8620-H, resulting in 
standardization on one hot rolled alloy 
steel as shown in group 2 

The strength required of the 
mainder of the hot rolled parts indi- 
cated that 1045 was necessary for all 
those not heat treated, except the tie 
rod; 1045 could also be used to meet 
the requirements of the heat treated 
parts. It was decided to make the tie 
rod also from C-1045 in the interest of 
both standardization and cost reduc- 
tion. The cost of C-1045 purchased from 
a mill is less than that of a lower-car- 
bon steel purchased in small quantities 
from a warehouse. This decision elim- 
inated one grade from inventory 

When considering the strength re- 
quirements of the cold finished group, 
it became evident that some parts re- 
quired a higher minimum strength 
level than could be obtained from ordi- 
nary cold drawn C-1045 For these 
parts (Table VI, group 3) a cold drawn 
steel with guaranteed minimum 
mechanical properties was adopted. 
C-1045 was used instead of C-1141 be- 
cause the amount of machining on the 
parts did not warrant the extra cost of 
the free-cutting grade 


re- 


The parts in this group to be case 
hardened had core strength require- 
ments compatible with plain carbon 


steel, silicon killed, fine grain. A free- 


cutting steel was needed and C-1117 
wus adopted. To this group were added 
the remainder of the parts for which 


free-cutting steel could be used to ad- 
vantage, thus making up group 4 

ihe remainder of the cold finished 
parts, group 5, required neither special 
strength nor heat treatment; 1018, cold 
drawn, was adopted. This steel costs 
the same as 1020 but because of 
its higher manganese content it has 
slightly better machinability and is car- 


ried as a general-purpose, low-carbon, 
cold drawn steel It has advantages 
over C-1020 in case hardening. While 
no parts in this 1l-in. size group re- 
quire this heat treatment, parts in 
other size groups do, and it is conven- 
ient to have one general-purpose steel 
on hand 

Originally ten steels were specified in 
l-in. round; this came about partly 
from blind copying of the steels used 
in older designs but principally from a 
study of each part separately, without 
regard for the over-all needs. The pre- 
vious steels were 4620, 5145, 4140, 1045 HR, 
1045 CF, 1020CF, 1035 CF, 1040 HR, 
1120 CF and 1025HR. Standardization, 
with the needs of both engineering and 
manufacturing in mind, and with close 
attention to costs, reduced the list to 
the five steels shown in Table VI 

The processing equipment available 
played an important part in the stand- 
ardization. The through-hardening al- 
loy steels 5145 and 4140 could be re- 
placed with water-quenched carbon 
stee! only because efficient water 
quenches were available. It is true that 
the strength specified for the heat 
treated alloy steel was low and in that 
sense the alloy steel represented over- 
specification, but the fact remains that 
it took modern quenching equipment 
to permit an economical replacement 

The availability of carbonitriding 
equipment made it possible to use 
C-1117 for all the case hardened parts 
except gears at a considerable saving 
in both steel and processing cost. For 
parts requiring low distortion in heat 
treatment, an oil-quenching alloy steel 


Table VI. 


Pounds 


Part per Piece 


was unnecessary because the addition 
of nitrogen in carbonitriding made the 
case of the carbon steel oil-hardening 
The processing economy arose from the 
fact that finish grinding stock could be 


considerably reduced because of the 
low distortion 

The choice of alloy carburizing steel 
was made, in part, on the basis that 
equipment particularly suitable for 
direct quenching would be available 
Among other things, this equipment 


permitted close control of the quench- 
ing temperature. Had the equipment 
been less suitable to this type of opera- 
tion, another steel, perhaps 4620-H, 
might have been chosen because its 
high nickel content provides more lee- 
way in quenching temperature. The 
result would have been higher steel 
cost. As it was, a reduction in steel cost 
was used to help amortize the cost of 
new equipment. It must be emphasized 
again that the standardization, partic- 
ularly as it is affected by processing 
requirements, would probably be differ- 
ent for a different plant 

All standardization is limited by cer- 
tain rigid requirements that determine 
the minimum number of grades which 
may be specified. The maximum num- 
ber of grades specified is determined by 
how many compromises may be made 
in meeting the less rigid requirements 
to fit steels to the minimum grouping 


Hardenability bands and chemical 

compositions for the 79 standard 

SAE-AISI H-steels are shown on 
the next ten pages 


Standardized List of Parts for Stock 1 In. in Diameter 


Monthly 
Production 


Remarks 


Group 1—Hot Rolled Carbon Steel 
(C-1045, silicon-killed, fine grain) 


Spindle Shaft 3.84 750 90,009 psi min yield strength, welded 
Tie Rod 22.93 Service 25,000 psi min yield strength 
4th Speed Shifter Fork 2.3 Service Forging, 35,000 psi min yield strength 
Spindle Ext 3.15 Special 35,000 psi min yield strength, welded 
Shaft 3.84 9000 90,000 psi min yleld strength 

Group 2—Hot Rolled Alloy Steel (8620-H) 
Shaft and Gear 6.00 4000 Case hardened, part of final drive 
Pinion Shaft 5.79 500 Case hardened, part of power train 
Pinion Shaft 21.04 6000 Case hardened, part of final drive 


Group 3 


Cold Drawn Steel, Guaranteed Minimum Properties 


(C-1045, cold drawn, 100,000 psi min tensile strength, 80,000 psi min 

vield strength, 15 min elongation in 2in., 40 min reduction of area) 
Stud, Special 2.291 Service 80,000 psi min yield strength 
Stud, Special 2 043 Service 80,000 psi min yield strength 
Shaft, Clutch Drive 6.313 S650 60,000 psi min vield strength 
Shaft se 5 60 Service 60,000 psi min yield strength 
Shaft, Special 3.7402 350 60,000 psi rin yield strength 
Shaft, Steering 6.404 5400 60,000 psi min yield strength 
Shaft, Splined 4.638 900 60,000 psi min yield strength 
Shaft, Coupling 4.508 Special 80,000 psi min yield strength 


Group 4—Free-Cutting Steel 


(C-1117, silicon-killed, fine grain) 

Valve Lever Shaft Collar 0 368 Service No special strength required 
Bushing 0 636 Service No special strength required 
Oil Seal 0.3157 6000 No special strength required 
Roller 0.460 Carbonitrided 
Roller, Cam Follower 0.42067 15000 Carburized 
Washer 0.23685 3600 No hardne requirement 
Shaft, Drive Gear ? 5600 Case hardened, heavi loaded 
Shaft, Brake Cro 21.724 Service 49.000 psi mit eld strength 
Shifter Guide 2.097 Service No strength requirement 
Spacer, Wheel Guard O313 Service No strength requirement 
gushing 1.25 Service Carbonitrided 
Brake Cross Shaft Brkt 0.375 2450 No special requirement 

Group 5—General-Purpose Cold Drawn Steel (C-1018) 
Shaft, Steering 129 Service 0,000 psi min yield strength 
Shaft, Drive 16 83 4300 50,000 psi min yield strength 
Shaft, Coupling 9 2582 450 1,000 psi min yield strength 
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Hardenability Bands, 1330-H to 3135-H 
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Temp, deg Fahr Temp, deg Fahr 


c Mn Si 


0 27 to 0.33 1650 1600 


1600 1550 
1600 1550 
1700 1550 


1.45 to 2.05 0.20 to 0.35 

0.32 to 0.38 1.45 to 2.05 0.20 to 0.35 
Tto 044 1.45 to 2.05 0.20 to 0.35 

210 0.18 0.30 to 0.70 0.20 to 0.35 

to 0.20 0.30 to 0.70 0.20 to 0.35 4.70 to 5.30 1700 1550 

3120-H 710023 050t0090 02010035 1.00 to 1.45 1700 1700 
3130-H 27 to 0.33 0.50 to 0.90 0.20 to 0.35 1.00 to 1.45 0.45 to 0.85 1650 1600 
3135-H ; 32 to 0.38 0.50 to 0.90 0.20 to 0.35 1.00 to 1.45 0.45 to 0.85 ‘ neil 1600 1550 
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Hardenability Bands, 3140-H to 1053-1 
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Hardenability Bands, 1063-H to 4142-H 
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4145-H 042 t0 0.49 065 to 110 0.20 to 0.35 075 to 120 0.1510 025 1600 150 
4147-H 044 to 051 0.65 to 1.10 0.20 to 0.35 0.75 to 1.20 0.15 to 025 boot 
4150-H 04710 0.54 0.65 to 1.10 0.20 to 0.35 0.75 to 120 015 t0 025 1550 
4320-H 0.17 to 0.23 0.40 to 0.70 0.20 to 0.35 155 to 2.00 035 to 0 65 0.20 to 0.30 1700 Li 
4337-H 034 to 041 0.55 to 0.90 0.20 to 0.35 155 to 2.00 065 to 0.95 0.20 to 0.30 1600 low 
4340-H 0.37 to 0.44 0.55 to 0.90 0.20 to 0.35 155 to 2.00 065 to 0.95 0.20 to 0.90 1600 loot 
F4340-H 0.37 to 0.44 0.60 to 0.95 0.20 to 0.35 155 to 2.00 0.65 to 0.95 020 t0 0.30 1600 loot 
4620-H 0.17 to 0.23 0.35 to 0.75 0 20 to 0.35 1.55 to 2.00 6 20 to 0.30 1700 10 
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X4620-H 0.17 to 0.23 0.40 to 0.80 0.20 to 0.35 eke , 0.20 tov’ 1700 1700 
4021-H 0.17 to 0.2% 0.60 to 1.00 0.20 to 0.35 0.20 to 1700 
4640-H 0.37 to 0.44 0.50 to 0.90 0.20 to 0.35 1: 55 to 2 00 ; 0.20 to 0. 1650 
4812-H 0.09 to 0.15 0.30 to 0.70 0.20 to 0.35 3.20 to 3.80 0.20 to 0% 1700 
O12 to 0.18 0.30 to 0.70 0: 3.20 to 3.80 0.20 to 0. 1700 
4817-H 0.14 to 0.20 0.30 to 0.70 0.20 to 0 3.20 to 3.80 0.20 to 1700 
4820-H 0.17 to 0.23 0.40 to 0.80 0.20 to 0.35 3.20 to 3.80 - 020 to 0. 1700 
5120-H O17 100.23 0.60 to 1.00 0.20 to 0.35 0.60 to 1.00 1700 
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5145-H 042 to 049 0.60 to 1.00 0.20 to 0.35 
5147-H 0.45 to 0.52 060 to 1.05 0.20 to 0.35 
5150-H 047 to 054 060 to 1.00 0.20 to 0.35 
152-H 048 055 0.60 to 1.00 0.20 to 0.35 


Cr 


0.75 to 
0.65 to 
070 to 
060 to 
060 to 
0 BO to 
O00 to 
0 85 to 


1.20 
1.10 
1.15 
1 00 
100 
1.25 
100 
130 


Normalizing 


Temp, deg Fahr 


Mo 


Auste 


Temp 


nitizing 


Fat 


deg 


1650 
1650 1600 
1650 lum 
1600 
1600 
10 1550 
1600 
1600 1550 


$0 4 ant 
“45 

> 
40}+— z4 
4 > > 
° : 20 
= 20 2 4a 5 e 10 12 (4 #16 !68 20 22 24 26 28 30 32 =s a 5 J 10 12 4 #16 168 20 22 24 2 26 30 32 

DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH 
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Hardenability Bands, 5160-H to 8625-H 
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DIS TANCE FROM. END 


a a 6 e 2 '6 
DISTANCE FROM ‘Quencne ENO 


METAL PROGRESS; PACE 


24 26 26 30 32 
OF AN 


Austenitizing 
Temp, deg Fahr 


INCH 


1550 
1700 
1600 
1600 
1700 
1700 
1700 
1600 


} 
LE = 
a — 4 
=5555==§ 
46 810 12 4 16 16 20 22 7 
DISTANCE FROM QUENCHED ENO ~ ostanct 
= = 
40 == 
= 
| =S== 
25 
= 
20 - 
<o 30 2 a 6 6 ' 0 22 24 26 28 30 32 
DISTANCE FROM QUENCHED END SIATEENTHS OF AN INCH DISTANCE FROM EENTHS OF AN INCH 
= 4 of +4444 
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= 
3 - + 4 
= 
2 4 Po 18 20 22 24 26 26 30 32 2 4 6 6 10 12 14 '6 18 20 22 24 26 28 30 32 
O's TANG SIXTEENTHS OF AN INCH DISTANCE FROM QUENCHED END — SIXTEENTH FAN INCH 
8622-1 
— == — = — 
mE | = 
= 
| 
= 26 30 32 ae 18 20 22 
NCH SIATEENTHS 
AISI- Normalizing 
SAE Cc Mn Si Ni Cr Moor V Temp, deg Fahr 
5160-1 0.55 to 065 0.65 to 1.10 0.20 to 0.35 0.60 to 1.00 1600 
6120-H O17 to 0.23 0.60 to 1.00 0.20 to 0.35 0.60 to 1.00 0.10 min V 1700 
6145-H 042 to 049 0.60 to 1.00 0.20 to 0.35 0.75 to’ 1.20 0.15 min V 1650 
; 6150-H O47 toOU 54 0.60 to 1.00 0.20 to 0.35 0.75 to 1.20 0.15 min V 1650 
8OLT7-H 0.14 to 0.20 0.60 to 0.95 0.20 to 0.35 0.35 to 0.75 0.325 to 0.65 0.15 to 0.25 Mo 1700 
8620-1 0.17 to 0.23 0.60 to 0.95 0.20 to 0.35 0.35 to 0.75 0.35 to 0.65 0.15 to 0.25 Mo 1700 
BO22-H 019 to 0.25 O60 to O95 020 to 0.35 0.35 to 0.75 0.35 to 0.65 0.15 to 0.25 Mo 1700 
8625-H 0.22 to 0.28 0.60 to 0.95 0.20 to 0.35 0.35 to 0.75 0.35 to 0.65 0.15 to 0.25 Mo 1650 
Kies 


Hardenability Bands, 86 
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45 


to 
to 
to 
to 
to 
to 
to 
to 
to 0 


O65 


0 bo 
0 65 


to 025 1650 
to 0.25 
to 0.25 
10 025 
to 025 
10025 
25 
to 25 
to 025 1600 
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ae 2 a 6 6 
DISTANCE FR 
AISI- Normalizing Austenitizing 
SAE || Ni Cr Mo Temp, dew Fahr Temp, deg Fahr 
£527-H 0.24 to 60 95 0.20 35 0.35 to 0.75 0.35 to =: 0.15 1600 
4 O27 to” = 20 35 035 to 0.75 0.35 to 0 65 100 
$605-H 0.52 to 5 0 5 0.35 to 0.75 0.35 to 0.65 
#637-H 0341 0.35 to 0.75 0.35 to 065 01 1550 
03 0.2 0.35 to 0.75 0.25 to 065 01 10 
0 5 0 20 0.35 to 0.75 0.35 to 065 
6542-H 0 05 0.35 to 0.75 0.35 to 0.65 
#45-H O4 O05 0.20 35 0.35 to 0.75 0.35 to 0.15 1550 
8550-H 04 05 0 20 35 0.35 te 0.75 0.35 O15 1550 
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NCH 


= 


Pry ==: == ssh == : 

= 

w w - 

240 = 

< 35 7 — < 35+ -t— 

8653-1 $655-H = = 

4 

bee 5 6 10 i2 \4 16 16 20 22 24 26 26 30 32 asia 4 6 8 10 i416 24 26 28 30 32 
DISTANCE FROM QUENCHED ENO —SIXTEENTHS OF AN | DISTANCE FROM QUENCHED ENO sw STEENTHS OF AN INCH 


° 
if 
+ 


+ 


4 
8660-18 


—4 


° 


ROCKWELL HARONESS C SCALE 


o 


a 


ROCKWELL HARONESS C SCALE 


10 


== 

aN 

= 

: 


10 


4 


8710-11 

50 
Vv 
w = w 
= 
< 39 <3 
430 = 430 
4 
& & 20 
= 2 4 6 6 10 12 14 16 16 20 22 24 26 26 30 32 ““" 2 4 6 6 10 i2 i4 16 16 20 22 24 26 28 30 32 
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16 16 i214 is 24 26 26 30 32 
DISTANCE FROM QUENCHED END  SIXTEENTHS. OF AN INCH DISTANCE FROM. QUENCHED ENO WSIXTEENTHS. OF AN INCH 


AISI- 
SAE 


8653-H 
8655-H 
8720-H 
8740-H 
8742-1 
8750-H 
9260-H 


METAL 


Cc 


0.49 to 0.56 
0.50 to 0.60 
0.55 to 0.65 
0.17 to 0.23 
0.37 to 044 
0.39 to 0.46 
0.47 to 0.54 
0.55 to 0.65 


PROGRESS; PAGE 


Mn 


0.70 to 1.05 
0.70 to 1.05 
0.70 to 1.05 
0.60 to 0.95 
0.70 to 1.05 
0.70 to 1.05 
0.70 to 1.05 
0.65 to 1.10 


20-D 


Si 


20 to 0.35 
20 to 0.35 
20 to 0.35 
20 to 0.35 
20 to 0.35 
20 to 0.35 
20 to 0.35 
70 to 2.20 


Ni 


0.35 to 0.75 
0.35 to 0.75 
0.35 to 0.75 
0.35 to 0.75 
0.35 to 0.75 
0.35 to 0.75 
0.35 to 0.75 


Cr 


0.50 to 0.85 
0.35 to 0.65 
0.35 to 0.65 
0.35 to 0.65 
0.35 to 0.65 
0.35 to 0.65 
0.35 to 0.65 


Mo 


0.15 to 0.25 
0.15 to 0.25 
0.15 to 0.25 
0.20 to 0.30 
0.20 to 0.30 
0.20 to 0.30 
0.20 to 0.30 


Normalizing 
Temp, deg Fahr 


1600 
1600 
1600 
1700 
1600 
1600 
1600 


1650 


Austenitizing 
Temp, deg Fahr 


1550 
1550 
1550 
1700 
1550 
1550 
1550 
1600 
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DISTANCE FROM QUENCHED END - SIMTEENTHS OF AN INCH STANCE FROM. QUENCHED END ~SIATEENTHS OF AN INCH 


4 
< 
” 
z 
a 
< 
4 
z 
a 


ROCKWELL HARONESS C SCALE 


SAE ( Mn Si ? Cr I Temp, deg Fahr Temp, deg Fahr 

9261-H 0.55 to 0.65 0 65 to 1.10 Wto22 0.05 to 0.35 1650 

9262-H 0.55 to 0.65 065 to 1.10 70 to 2 0.20 to 0.50 1650 

9310-H 0.07 to 0.13 0 40 to 0.70 0.20 to 0.35 2.95 to 3.55 100 to 145 0.08 to 0.15 1700 

9840-H 037 to 0.44 0 60 to 0.95 0.20 to 0.35 0 80 to 1.20 0.65 to 0.95 0 20% to 0.30 1600 

9850-H 04710054 0.60 to 0.95 0 20 to 0.35 0 80 to 1.20 065 to 0.95 0.20 to 0.30 1600 

86B45-H'* 042 to 049 0.70 to 1.05 0.20 to 0.35 0.35 to 0.75 0.35 to 0.65 0.15 to 0.25 1600 

(a) This grade can be expected to have 0.0005"; min boron 
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Hardenability Bands, 9261-H to 86B45-H 
=== 
0 22 24 26 26 30 32 
EENTHS OF AN INCH 
= + — 4. 
t — 60 = 
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== == 
= 
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0 32 
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Composition Limits of Standard 


Alloy 


S (max) Si Ni Cr Mo SAE No 


Steels (February 


Cc 


Mn P (max) 


0.28 to 0.33 1.60 to 1.90 0.040 0.040 9 
0.33 to 0.38 1.60 to 1.90 0.040 0.040 0.20100.35 ._—s«.... 
0.38 to 0.43 1.60 to 1.90 0.040 0.040 
0.43 to 0.48 1.60 to 1.90 0.040 0.040 
0.15 to 0.20 0.40 to 0.60 0.040 0.040 0.20 to 0.35 3.25 to 3.75 
0.12 to 0.17 0.40 to 0.60 0.040 0.040 0.20 to 0.35 4.75 to 5.25 
é 0.15 to 0.20 0.45 to 0 60'" 0.025 0.025 0.20 to 0.35 4.75 to 5.25 so0e8 
0.17 to 0.22 0.60 to 0.80 0.040 0.040 0.20 to 0.35 1.10 to 1.40 0.55 to 0.75 
0.26 to 0.33 0.60 to 0.80 0.040 0.040 0.20 to 0.35 1.10 to 1.40 0.55 to 0.75 
0.33 to 0.38 0.60 to 0.80 0.040 0.040 0.20 to 0.35 1.10 to 1.40 0.55 to 0.75 
0 386 10 0.43 0.70 to 0.90 0.040 0.040 0.20 to 0.35 1.10 to 1.40 0.55 to 0.75 
0.08 to 0.13 0.45 to 0.60") 0 025 0.025 0.20 to 0.35 3.25 to 3.75 1.40 to 1.75 
0.14 to 019 0.45 to 0. 60'" 0.025 0.025 0.20 to 0.35 3.25 to 3.75 1.40 to 1.75 
0.20 to 0.25 0.70 to 0.90 0.040 0.040 ‘ 0.20 to 0.30 
0.20 to 0.25 0.70 to 0.90 0.040 0.035 to 0.050 0.20 to 0.35 , ns ; 0.20 to 0.30 
0.25 to 0.30 0.70 to 0.90 0.040 0.040 0.20 to 0.35 . 0.20 to 0.30 
0.25 to 0.30 0.70 to 0.90 0.040 0.035 to 0.050 0.20 to 0.35 0.20 to 0.30 
0.30 to 0.35 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.20 to 0.30 
0.35 to 0.40 0.70 to 0.90 0.040 0.040 0.20 to 0.35 : ‘ 0.20 to 0.30 
0.40 to 0.45 0.70 to 0.90 0.040 0.040 0.20 to 0.35 ; ; ‘ a“ 0.20 to 0.30 
0.45 to 0.50 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.20 to 0.30 
0.50 to 0 56 0.75 to 1.00 0.040 0.040 0.20 to 0.35 ° : 0.20 to 0.30 
0.60 to 0.67 0.75 to 1.00 0.040 0.040 0.20 to 0.35 0.20 to 0.30 
0.63 to 0.70 0.75 to 1.00 0.040 0.040 0.20 to 0.35 tasewenns er 0.20 to 0.30 
0.16 to 0.23 0.70 to 0.90 0.040 0.040 0.20 to 0.35 . . 0.40 to 0.60 0.08 to 0.15 
0.28 to 0.33 0.40 to 0.60 0.040 0.040 0.20 to 0.35 0.80 to 1.10 0.15 to 0.25 
0.33 to 0.38 0.70 to 0.90 0.040 0.040 0.20 to 0.35 ane 0.80 to 1.10 0.15 to 0.25 
0.35 to 0.40 0.70 to 0.90 0.040 0.040 0.20 to 0.35 ous 0.80 to 1.10 0.15 to 0.25 
0.38 to 0.43 0.75 to 1.00 0.040 0.040 0.20 to 0.35 P 0.30 to 1.10 0.15 to 0.25 
0.40 to 0.45 0.75 to 1.00 0.040 0.040 O2toO0.35 = ...5.. 0.80 to 1.10 0.15 to 0.25 
0.43 to 0.48 0.75 to 1.00 0.040 0.040 0.20 to 0.35 Rpealis P 0.80 to 1.10 0.15 to 0.25 
0.45 to 0.50 0.75 to 1.00 0.040 0.040 0.20 to 0.35 ' ’ 0.80 to 1.10 0.15 to 0.25 
0 48 to 0.53 0.75 to 1.00 0.040 0.040 0.20 to 0.35 secs 0.60 to 1.10 0.15 to 0.25 
0.17 to 0.22 0.45 to 0.65 0.040 0.040 0.20 to 0.35 1.65 to 2.00 0.40 to 0.60 0.20 to 0.30 
0.35 to 0.40 0.60 to 0.80" 0.040 0.040 0.20 to 0.35 1.65 to 2.00 0.70 to 0.90 0.20 to 0.30 
0.38 to 0.43 0.60 to 0.80 0.040 0.040 0.20 to 0.35 1.65 to 2.00 0.70 to 0.90 0.20 to 0.30 
0.38 to 0.43 0.65 to 0.85 0.025 0.025 0.20 to 0.35 1.65 to 2.00 0.70 to 0.90 0.20 to 0.30 
006to 011 0.25 to 0.45 0.040 0.040 0.25 max 1.40 to 1.75 shndaneune 0.15 to 0.25 
013 to018 0.45 to 0.65 0.040 0.040 0.20 to 0.35 165to200 ~~ ..... eae 0.20 to 0.30 
0.15 to 0.20 0.45 to 0.65 0.040 0.040 0.20 to 0.35 0.20 to 0.30 
OJ7 to 0.2% ‘0.45 to 0.65 0.040 0.040 0.20 to 0.35 1.65 to 2.00 errs yet 0.20 to 0.30 
0.18 to 0.23 0.50 to 0.70 0.040 0.040 0.20 to 0.35 1.65 to 2.00 0.20 to 0.30 
0.18 to 0.23 0.70 to 0.90 0.040 0.040 0.20 to 0.35 eee 8 Kieseesens 0.20 to 0.30 
0.38 to 0.43 0.60 to 0.80 0.040 0.040 0.20 to 0.35 1.65 to 2.00 wer enee ane 0.20 to 0.30 
0.10 to 0.15 0.40 to 0.60 0.040 0.040 0.20 to 0.35 3.25 to 3.75 0.20 to 0.30 
0.13 to 0.18 0.40 to 0.60 0.040 0.040 0.20 to 0.35 3.25 to 3.75 0.20 to 0.30 
0.15 to 0.20 0.40 to 0.60 0.040 0.040 0.20 to 0.35 3.28 to 3.75 0.20 to 0.30 
0.1%to 0.23 0.50 to 0.70 0.040 0.040 0.20 to 0.35 3.25 to 3.75 0.20 to 0.30 
O12t0o 017 0.30 to 0.50 0.040 0.040 0.20 to 0.35 Tatty 0.30 to 0.50 
0.43 to 0.50 0.75 to 1.00 0.040 0.040 0.20 to 0.35 there sees 0.20 to 0.35 
0.15 to 0.20 0.70 to 0.90 0.040 0.040 0.20 to 0.35 ca acew 0.70 to 0.90 
0.17 to 0.22 0.70 to 0.90 0.040 0.040 0.20 to 0.35 ‘ries wanes 0.70 to 0.90 
0.26 to 0.33 0.70 to 0.90 0.040 0.040 0.20 to 0.35 ‘pias eee 0.80 to 1.10 
0.30 to 0.35 0.60 to 0.80 0.040 0.040 0.20 to 0.35 atewpiate’s 0.75 to 1.00 
0.33 to 0.58 0.60 to 0.80 0.040 0.040 020t0o035  ..... : 0.80 to 1.05 
0.38 to 0.43 0.70 to 0.90 0.040 0.040 0.70 to 0.90 
0.43 to 0.48 0.70 to 0.90 0.040 0.040 | | errr 0.70 to 0.90 
0.45 to 0.52 0.70 to 0.95 0.040 0.040 0.20 to 0.35 Mewenevewe 0.85 to 1.15 
0.48 to 0.53 0.70 to 0.90 0.040 0.040 0.70 to 0.90 
0.48 to 0.55 0.70 to 0.90 0.040 0.040 0.20 to 0.35 rere 0.99 to 1.20 
0.50 to 0.60 0.70 to 0.90 0.040 0.040 0.20 to 0.35 aceon ee 0.70 to 0.90 
5160 0.55 to 0.65 0.75 to 1.00 0.040 0.040 0.20 to 0.35 dis anegaws 0.70 to 0.90 516 
E50100 0.95 to 1.10 0.25 to 0.45 0.025 0.025 0.20 to 0.35 het ta wile 0.40 to 0.60 50100 
E51100 0.95 to 1.10 0.25 to 0.45 0.025 0.025 0.20 to 0.35 ridalet 0.90 to 1.15 51100 
£52100 0.95 to 1.10 0.25 to 0.45 0.025 0.025 0.20 to 0.35 iladnee’ a 1.30 to 1.60 52100 
6117 ‘ 0.15 to 0.20 0.70 to 0.90 0.040 0.040 0.20 to 0.35 os nae 0.70 to 0.90 0.10 min V 6117 
6120 0.17 to 0.22 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.70 to 0.90 0.10 min V 6120 
6145 0.43 to 0.48 0.70 to 0.90 0.040 0.040 0.20 to 0.35 ; ; 0 80 to 1.10 1 6145 
6150 0.48 to 0.53 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.80 to 1.10 1 
8615 0.13 to 0.18 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 1: 
8617 015 to 0.20 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 1 
8620 0.18 to 0.23 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 1 
8622 0.20 to 0.25 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 1 
8625 0.23 to 0.28 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 1 
8627 0.25 to 0.30 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 1 y 
8630 0.28 to 0.33 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 1 8630 
8635 0.33 to 0.38 0.75 to 1.00 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 i B63 
8637 0.35 to 0.40 0.75 to 1.00 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 1 8637 
8640 0.38 to 0.43 0.75 to 1.00 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0 40 to 0.60 1 8640 
8641 0.38 10 043 0.75 to 1.00 0.040 0.040 to 0.060 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 I: 8641 
8642 040 to 0.45 0.75 to 1.00 0.040 0.040 0.20 to 0.35 0.40 to 0 70 0.40 to 0.60 1 8642 
8645 043 to 0.48 0.75 to 1.00 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 060 1 8645 
8650 048 10053 0.75 to 1.00 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 1 8650 
8653 0.50 to 0.56 0.75 to 1.00 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.50 to 0.80 1 8653 
8655 0.50 to 0.60 0.75 to 1.00 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 1 8655 
8660 055 to 0.65 0.75 to 1.00 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 1 8660 
8645" 0.43 to 0.48 0.75 to 1.00 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 l 
8715 0.13 to 0.18 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 8715 
8717 0.15 to 0.20 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 
8720 0.18 to 0.23 0.70 10 0.90 0.040 0.040 0.20 10 0.35 0.40 to 0.70 0.40 to 0.60 8720 
‘ 8735 0.33 to 0.38 0.75 to 1.00 0.040 0.040 0.20 to 0.35 040 to 0.70 0.40 to 0.60 
* 8740 0.38 to 043 0.75 to 1.00 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 3740 
8742 040 to 0.45 0.75 to 1.00 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0 40 to 0.60 .. 8742 
8750 0.48 to 0.53 075 to 100 0.040 0.040 0.20 to 0.35 0.40 to 0.70 0.40 to 0.60 0.20 to 0.30 ... 8750 
9255 0.50 to 0.60 0.70 to 0.95 0.040 0.040 1.80 to 2.20 9255 
9260 0.55 to 0.65 0.70 to 1.00 0.040 0040 1.80 to 2.20 9260 
9261 0.55 to 0.65 0.75 to 1.00 0.040 0.040 1.80 to 2.20 : a 0.10 to 0.25 9261 
9262 0.55 to 0.65 0.75 to 100 0.040 0.040 180 to 2.20 ee 025 to 0.40 Q252 
F9310 008 to 0.138 0.45 to 0.65 0.025 0.025 0 20 to 0.35 3.00 to 3.50 1.00 to 1.40 0.08 to 0.15 9310 
E9314 O1lLto017 0.40 10 0.70 0.025 0.025 0.20 to 0.35 3.00 to 3.50 1.00 to 1.40 008 to 0.15 
9840 0.38 to 0.43 0.70 to 0.90 0.040 0.040 0 20 to 0.35 085 to 1.15 0.70 to 0.90 0 20 to 0.30 9840 
9845 0.43 to 0.48 0.70 to 0.90 0040 0.040 0.20 to 0.35 0.85 to 1.15 0.70 to 0.90 0 20 to 0.30 9845 
9850 0.48 to 0.53 0.70 to 0.90 0.040 0.040 0.20 to 0.35 0.85 to 1.15 0.70 to 0.90 0.20 to 0.30 9850 
(a) For open hearth steel the manganese is 0.040 to 0.060%. sulfur for each process are: basic electric, 0.025: basic open hearth 
(b) For electric furnace steel the manganese is 0.65 to 0.85% (c) 0.040; acid electric, 0.050; acid open hearth, 0.050. Minimum sili- 


This grade can be expected to have 0.0005°) min boron con for acid open hearth or acid electric is 0.15 Small quanti- 
Grades shown with prefix letter E generally are manufactured ties of certain elements not specified or required are present 

by the basic electric furnace process All others are normally These are incidental and may be present in the following maxi- 

manufactured by the basic open hearth process but may be manu- mum percentages: Cu, 0.35: Ni, 0.25; Cr, 0.20: Mo, 006. Minimum 

factured by the basic electric process with adjustments in phos- and maximum sulfur content indicates resulfurized steel 

phorus and sulfur contents. The max percentage phosphorus and Data from American Iron and Steel Institute 
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AISI No a 


The Selection of Tool Steels 


By the ASM Committee on Tool Steel 


IN THE 1948 ASM Metals Handbook. 
a brief discussion is given (pages 658 
and 659) of the principal characteris- 
tics of tool steels that determine their 
selection for particular uses 

The article presented here supple- 
ments the 1948 discussion of selection 
in the following ways: 


1 A classification of tool steels different 
from the one on page 656 of the 1948 
Handbook is defined and employed 

2 Basic factors in are further 
clarified so a the value of 
the table on page 659 of the 1948 Hand- 
book 

3 Detailed consideration is given to the 
selection of tool steels for each of 17 
important types of tools, and specific 
grades are recommended for each type 


election 


to enhance 


Principal Types of Tool Steels 


The tool steels considered here are 
classified both by the method intro- 
duced in the 1948 ASM Metals Hand- 
book and that more recently adopted 
by AISI and SAE. Table I is a cross- 
index arranged in the numerical order 
of the 1948 ASM designations. Table II 
shows the complete list of steels in 
terms of the AISI-SAE classification. 
Throughout the text that follgws, AISI- 
SAE designations are used exclusively 
wherever possible 

As shown in Table I, the AISI-SAE 
method identifies each steel by a letter 
and a number. The letter places the 
steel in a recognizable group or class of 
steels; the number distinguishes one 
steel from another within each group 
Most of the groups are similar to those 
employed in the principal table on page 
656 of the 1948 Handbook 


Factors in Selection 


Correlation of the metallurgical char- 
acteristics of tool steels with the re- 
quirements of the tool in operation is 
the only sound approach to tool steel 
selection. It should be emphasized that 
the choice of a tool steel is usually not 
limited to a single type or even to a 
particular group. Many tool steels will 
perform on any given job, and the tool 
life obtained with each of them must 
be judged by weighing such factors as 
expected productivity, ease of fabrica- 
tion, and cost. Final cost per unit part 
produced by the tool is the ultimate 
basis of proper selection 

The following characteristics of tool 
steel, listed in the order tabulated on 
pages 658 and 659 of the 1948 Hand- 
book, are the most important in selec- 
tion: “nondeforming” properties, safety 
in hardening, toughness, resistance to 
the softening effect of heat, wear re- 
sistance, machinability, the quenching 
medium required, hardening tempera- 
ture range, depth of hardening, and 
resistance to decarburization 

The first step in selection is to estab- 
lish which of these characteristics are 
most important for the problem at 
hand. One may logically begin by ask- 
ing these questions about a given ap- 


plication: Does the tool cut? Shear? 
Form? Draw? Extrude? Roll? Batter? 
Is the work performed hot or cold? 


Is the anticipated load on the tool light 


or heavy? Is the load intermittent and 
light, or intermittent with heavy shock? 
Is the load continuous? Is the design 
of the tool a factor in determining the 
required edge strength? Is the cutting 
portion of the tool well supported? 
Does it have an acute angle and there- 
fore a fine, thin edge? Is there apt to 
be vibration within the tool or in the 


holding mechanism? What abrasive 
Subdivisions Page 
Principal Types of Tool 
Factors in Selection .... 21 
Cutting Tools 23 


Die Blocks and Die Inserts. 25 
Tools for Forging Machines . 26 


Tools for Trimming A 26 
Tools for Hot Extrusion .... 26 
Tools for Drawing Wire, 

Bars and Tubes 27 
Solid Shear Blades .. ’ 27 
Blanking and Piercing Dies 28 
Press Forming Dies ..... 29 
Press Drawing Dies : 29 
Coining Dies ; . 30 
Cold Extrusion Dies . 30 
Cold Heading Dies .... oo ae 
Thread-Rolling Dies ....... 31 
32 
Die-Casting Dies and 

Permanent Molds ....... 33 


conditions are encountered other than 
those inferred from answers to the 
previous questions? 

Such questions lead to construction 
of a chart such as Table III, page 23, 
which gives the most simplified first 
approach to selection 

From Table III, one may logically 
proceed a step further to Table IV, in 
which characteristics called for in Ta- 
ble III (wear resistance, toughness, and 
so on) are related to the specific groups 
of tool steel available 

The cost entries in Table IV refer 
only to the basic cost of the steels rela- 
tive to each other, in mill forms such 
as bar or billet. Final tool costs are 
more likely to be determined by design 
and the number of man-hours of labor 
involved in grinding, machining and 
heat treatment The steel cost may 
range from less than 1% to more than 
50°, of the tool cost but is usually quite 
low. Nevertheless, when all other fac- 
tors are equal, the cost of the steel 
may determine the final selection of a 
grade that will give the lowest total 


Supplements the Tool Steels 
section of the 1948 ASM Metals 
Handbook, pages 653 to 676 


cost per unit part produced by the tool 
the ultimate aim of selection 
Another factor, not encountered in 
the above discussion or in Table IV, is 
availability: Certain grades of tool steel 
cannot be delivered as promptly as 
others because of low production of 
those grades. There are about twelve 
erades of tool steel that can be found 
in stock in almost every warehousing 
district and that are made by the ma- 
jority of tool steel producers These 
grades, which are in the greatest de- 
mand for tool and die work, are as 
follow 
W1—Carbon 
mately 1 ( 
W2—Carbon - vanadium 
proximately 0.90 
ol Manganese oil-hardening 
deforming” die steel 
A2--5°. Cr air-hardening dic 


tool steel with approxi 
steel with ap 
“non- 
steel 
Table I. Cross-Index of 
Tool Steel Designations 


ASM (1948) AISI-SAE 


Carbon Tool Steels 

IA Wie 

Ib W5 
1c W208, W3 
“Nondeforming” Tool Steels 
o2 

A4, AS, AG 
Alt 
Wel Doe, D6 
D1 

D2a, D5 
Dis 
Shock-Resisting Tool Steels 
IIIA 

S2 

Sie, 
Hib 
Si 

Hot Work Tool Steels 

IVAI 

IV A2 

IVE Hiliw, 
Ive 
IVD 116 
His 

IV 

IVFi 120m, 
IV F2 H22 

IV FS H24, 1125 

High Speed Tool Steels 
VAI M10 
VA2 Ml 

VA3 Moe 
VA4 M4 

VBI M30 

V B2 M34 
VB3 M35 
Visa M36 
Vol Tit 
Vc2 T2 

T3 

VbDi Ts 

Vb2 T4 

V T5 

Vb4 T6 

Miscellaneous Tool Steels 
VIA Pi 

VIB P3 

Vic 

VID 

VIE 
VIFI 14 
VIF2 

VIFS3 

VIG 

Vil 

vil 

VIJ L.3 

VIK F2,F3 

#Stocked in almost every warehousing 
district and made by the majority of tool 
teel producer 
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Table II. 


AISI-SAE ASM (1948) S Mn Si or Ni Cr Vv WwW 
Water- Tool Steels” 
Wik IA 0.60-1.40" 
Wit 1c 0.60-1.40'"" 0.25 
Ws 1c 60-1.40" 0.50 
w4 IB 0.60-1.40 0.25 
W5 IB 0. 60-1.40'"" 00 
0.60-1.40'"' 0.25 025 
Ww7 0.60-1.40'"' 0.50 0.20 
Shock- Resisting Tool Steels 
IIDAE 0.50 1.50 250 
$2 1B 0.50 1.00 Si 
S3 0.50 0.75 1.06 
Sit 0.50 0.80 2.00 Si 
Si* 0.50 0 60 2.00 Si 
Oil-Hardening Cold W we Tool Steels 
0.90 1.00 0.50 
ILA2 0.90 140 
O68 145 0.75 1.00 Si 
O7 I1A3 1.20 0.75 1.75 
Air-Hardening Medium- Cold Work Tool 
Alt 1.00 5.00 
A4 1.00 2.00 1.00 
A5 100 3.00 1.00 
0.70 2.00 1.00 
High-Carbon a Cc hromium Cold Work Steels 
DI 1.00 12.00 
1.50 12.00 
Dit 2.25 12.00 
2.25 ‘ 12.00 
D5 Il b2 150 12.00 
D6 Hcl 2.25 100Si 12.00 1.00 
Cc hromium Hot Work Tool Steels 
Hill® IVB 0.35 5.00 0.40 
Hille IVB 0.35 5.00 0.40 1.50 
HAS IVb 0.35 5.00 1.00 
IVC 0.40 5.00 5.00 
IVFEl 0.40 5.00 
H16 IVD 0.55 7.00 7.00 
Tungsten | Hot Ww ork Tool Steels” 
120% IV Fl 0.35 2.00 9.00 
0.35 3.50 9.00 
1122 IVF2 0.35 2.00 11.00 
H23 0.30 12.00 12.00 
124 IV F3 045 3.00 15.00 
H25 IVFS3 0.25 4.00 15.00 
1126 IVF4 0.50 4.00 1.00 18.00 
Molybdenum Hot Ww ork Tool Steels 
H4l 0.65 4.00 1.00 1.50 
H42 0.60 4.00 2.00 6.00 
1143 0.55 4.00 2.00 
Tungsten High Speed Tool Steels 
Ti* Vol 0.70 4.00 1.00 18.00 
T2 VCc2 0.85 4.00 2.00 18.00 
TS VC3 1.00 4.00 3.00 18.00 
T4 Vb2 0.75 4.00 1.00 18.00 
TS Vb3 0 80 F 4.00 200 18.00 
T6 Vb4 0 80 4.50 150 20.00 
0.80 4.00 2.00 14.00 
Ts Vbi 0 80 4.00 2.00 14.00 
To 120 4.00 4.00 18.00 
TIS 1.55 4.00 5.00 12.00 
Molybdenum High Speed Tool Steels 
Mi VA2 080 4.00 1.00 1.50 
M2" VA3 0.85 4.00 2.00 6.00 
M3 eee 1.00 4.00 2 = 6.00 
M4 VA4 1.30 4.00 41 5.50 
M6 0 80 4.0 1 50 4.00 
M8 0 80 4.00 1.50 5.00 
M10 VAI 0.85 4.00 2.00 
M30 VBI 4.00 1.25 200 
M34 V B2 0.85 4.00 2.00 2.00 
M35 VBS 0.85 4.00 2.00 6.00 
M36 VB 085 4.00 2.00 6.00 
Low-Alloy Spec ial- “Purpose Tool Steels 
| 1.00 1.25 
L.2 IIA 050-110 1.00 0.20 
L3 VIJ 1.00 1.50 0.20 
14 1.00 0.60 1.50 0.20 
L5 1.00 1.00 1.00 
VIFI&E 0.70 150 Ni 0.75 
L7 1.00 0.35 1.40 
Carbon- Tungsten Tool Steels” 
F2 VIK 1.25 3.50 
F3 VIK 1.25 0.75 3.50 
Low-C arbon Mold Steels 
Pl VIA 0.10 max 
p2 0.07 max 0 50 Ni 1.2 25 
Ps VIB 0.10 max 1.25 Ni 060 
0.10 max 2.25 
p20 0.30 0.75 
Other Steels Listed in 1948 Metals Handbook and Not Included 
IVAI 0.65 4.00 0.75 
IV A2 0.90 400 0.75 (optional) 
vic 0.12 3.50 Ni 1.50 sary 
VID 0.35 12.00 
VIF2 050 1.60 Ni 1.00 0.10 (optional) 
VIF3 0.55 200Ni 1.00 0.10 (optional) 
VIG 0.55 1.00 0.10 
VIH 125 060 0.50 
Vil 1.25 0.85 0.50 


METAL 


PROGRESS; 


of Principal Types of Tool Steels 


PAGE 


Classification and Approximate Compositions 


Mo 


8.00 
5.00 
8.00 


8.00 
5.00 
5.00 
4.50 
5.00 
5.00 
8.00 
8.00 
8.00 
5.00 
5.00 


0.25 
0.25 
0.40 


0.20 


0.25 


25 (optional) 


3.00 


5.00 
8.00 
12.00 
5.00 


5 00 


(optional) 


Above 


0.50 


0.50 (optional) 


0.30 
0.75 
0.45 


0 50 


district and made 
steel producers 


able 


D2—Air-hardening high-carbon high- 
chromium die steel with 1.5 C and 
12% Cr 

D4 or D3—Air-hardening or oil-harden- 
ing high-carbon high-chromium die 
steel with approximately 2.2 C and 
12°, Cr 

T1—18-4-1 tungsten high speed steel 

M2—6-5-4-2 tungsten-molybdenum high 


speed steel 
H11 or H12—-5", Cr hot work die steel 
H20 or H21--9°> W hot work die steel 
S1—Tungsten chisel steel 
S4 or S5--Silicon-manganese oil-harden- 
ing or water-hardening tool steel 


Where 
above 


a double choice is indicated 
it means that the two steels are 
nearly interchangeable, and final se- 
lection depends on minor factors of 
the individual job. 

Example. As an example of the se- 
lection procedure and as a guide in 
using the accompanying information, 
let us consider the selection of tool 
steel for a die for blanking and form- 
ing of low-carbon sheet stock ' in 
thick. First, it is recognized that two 
principal operations are involved: 
shearing (the blanking operation) and 
forming. Table III indicates that wear 
resistance and toughness are the major 
factors, with safety in hardening and 
freedom from distortion in hardening 
also of importance. It is determined 
that this work will be done cold, that 
is, at room temperature, and imme- 
diately the hot work steels designated 
by the letter H can be eliminated from 
consideration. 

It should next be determined whether 
the die can be machined to size prior 
to heat treatment and then put to use, 
or whether the tolerances of the fin- 
ished part are such that the die must 
be ground after heat treatment. If it 
can be machined to size prior to heat 
treatment, then it is important to se- 
lect a steel having good resistance to 
decarburization and subject to only 
Slight dimensional change during heat 
treatment. If it must be ground all 
over after heat treatment, then these 
two factors become of less importance, 
unless, of course, the cost of grinding 
itself is prohibitive because of the high 
wear resistance of the steel selected, or 
the design of the tool. 

If the die is to be ground on all 
dimensions after heat treatment, then 
an oil-hardening steel from group O 
would probably be chosen. Since these 
steels have fair wear resistance and 
good resistance to decarburization, it 
would not be anticipated that such a 
steel would give difficulty in grinding 


However, the length of run may be 
quite large—several hundred thousand 
or more—making wear resistance even 


more important. Steels A and D, T 
and M have good wear resistance but 
steels T and M are of high cost, require 
high hardening temperatures and may 
not be considered except in special in- 
stances. Group D steels have consider- 
ably better wear resistance than group 
A, and although they are both air- 
hardening and permit only slight dis- 
tortion, steels in group D would be ex- 
pected to give longer life 

Thus, by this process of deduction, it 
is decided that a high-carbon high- 
chromium steel will be employed. Se- 
lection within the group of six high- 
carbon high-chromium steels is largely 
*Stocked almost every 
by the majority 


in warehousing 


of tool 
Various carbon avail- 
in 0.10) ranges 


(a) contents are 


0.50 
0.40 
0.25 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.50 
1.50 
1.50 
00 
12.00 
1.25 Cb 
5.00 
8.00 
5.00 
800 
| 
L | ; 
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Tool Steel Selection 


a matter of deciding which carbon con- 
tent is desired, and whether or not air- 
hardening characteristics are wanted 
AS a compromise of toughness and 
wear resistance, the air-hardening steel 
D2, with 1.5°4 C, would be a good 
selection 
Deductive 

example just 


reasoning similar to the 
given (and sometimes 
more involved) underlies the selections 
indicated more briefly for the 17 
classes of tools discussed below. 


Cutting Tools 


The cutting tools considered here are 
those normally used under machine 
power to cut metal pieces to size and 
shape by removing chips—that is, taps, 
dies, reamers, milling cutters, drills, 
broaches, hobs and lathe tools. 

There can be no simple and definite 
system of rules for the selection of 
material for cutting tools. Certain 
factors may predominate in one appli- 
cation whereas in another an entirely 
different set of considerations may be 
involved. For example, consider a flat 
form-tool of rather complicated shape 
and section size. If one such tool were 
needed quickly to make only a small 
quantity of parts and possibly not be 
used again, it might be made of any 
grade of oil-hardening alloy tool steel 
readily available. But if the tool were 
to be used in an automatic machine 
for continuous high-speed repetitive 
production, it should be made of high 


speed steel or tipped with sintered 
carbide 
Most steel cutting tools are made 


from one of the following classes: 


1 Water-hardening carbon or low-alloy 


tool steels (Groups W and F) 
2 Oil-hardenin low-alloy or medium- 
alloy tool steels (Groups O and L) 


and M) 
Tools such 


3 High speed 
Water-Hardening Steels. 


teels (Groups T 


as taps, tapper taps, thread-cutting 
dies, drills, reamers and chasers, which 
are symmetrical in shape and do not 


require a high degree of red hardness 
in service, are frequently made of car- 
bon tool steel (group W). If extreme 
wear resistance at the expense of some 
toughness and ease of manufacturing 
is desired, the tungsten finishing steels 
of group F may be used in this class. 
Advantages The water-hardening 
steels are shallow hardening; in sec- 
tions of about '. in. and larger, they 
will develop a hard case and a softer 
tough core This combination con- 
tributes to higher over-all toughness 


than is found in through-hardening 
steels. Water-hardening steels are 
Table HT. 
If the These Major Characteristics 
Tool Are Required in the Tool Steel 
Cuts Wear resistance and resistance 
oftening effect of heat 
Shears Wear resistance and toughness 
Forms Wear resistance 
Draws Wear resistance 
Extrudes Re tance to 
toughne and wear re 
Rolls Wear re tance 
jatter: Toughness 


lower in price and more easily ma- 
chined than most of the higher-alloy 
steels. Heat treatment is easily per- 
formed in the simplest types of fur- 
nace equipment. Finished tools have 
good edge strength and wear resist- 
ance, if not heated above about 350 F 
in service 

Disadvantages. Water-hardening 
steels are the most susceptible to crack- 
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ing or distortion during hardening and 
should not be used for complicated or 
unbalanced designs or where holes, 
slots, keyways or sharp corners are 
necessary to the proper functioning of 
the tool. Tools made of these steels 
will soften and lose their cutting edges 
rapidly if heated excessively in service 
Similarly, extreme care must be taken 
when grinding the cutting edges, either 
in original manufacture or in subse- 
quent sharpening, lest softening or sur- 


First Step Toward Selection 


And These Minor Character- 
istics May Be Required 


to Grindability and toughness 


Safety in hardening and slight 
distortion in hardening 


Machinability 


Slight distortion in hardening 


and toughness 


oftening effect of heat, 
istance 


Wear resistance 


face cracking occur (The threaded 
tools mentioned above are generally 
not ground in the angle of the threads 
when made of water-hardening steels.) 

The water-hardening steels do not 
permit any form of surface treatment 
such as nitriding or oxidizing after the 


tool is in the finished condition be- 
cause of the softening effect of these 
treatments on the base metal. Simple 


dimensional changes (not distortion or 
cracking) are hard to predict or allow 
for in hardening these steels because 
of the varying percentages of case and 
core developed in different sizes and 
shapes —some tools will shrink and 
some will expand during hardening. 

Choice of Grade. The selection of 
one grade from the ten included in 
these two groups is usually based on 
availability, familiarity through past 
experience, toughness, wear resistance, 
grindability, hardenability, and to some 
extent the cost of steel (not necessarily 
in the order listed). Steel W1*® can be 
obtained in a variety of carbon contents 
‘sometimes called “tempers”) ranging 
from about 0.80 to 1.20° Wear resist- 
ance is directly proportional to carbon 
content and toughness is inversely pro- 
portional. Although some variation in 
depth of hardening can be obtained, 
this is essentially a shallow-hardening 
steel 

If slightly greater 
desired, as for example in large 
with heavy sections, the grades con- 
taining chromium (W4, W5, W6, W7) 
should be considered The carbon- 
vanadium steels (W2*® and W3) are 
noted for their ability to remain fine- 
grained when slightly overheated in 
hardening. Therefore, they should be 
used when there is a lack of good con- 
trol of the heat treating process, or 
when tools have widely varying sections 
that might coarsen in hardening 

The tungsten finishing steels of 
group F are characterized by their 
unique ability to maintain a sharp 
cutting edge under conditions of high 
abrasiveness but relatively light loads 
and low speeds. They do not have true 
red hardness and should not be con- 
fused with high speed steel. These F 
steels are very difficult to grind and 
should be used only when extra cost 
in grinding is justified in order to ob- 


hardenability is 
tools 


tain a keener, longer lived finishing 
tool than can be produced from one 
of the W steels. Grade F1 is the 
easiest to grind and also the least 
abrasion-resistant Because of its 
chromium content, F3 is the deepest- 


hardening and therefore most suitable 
for large tools 


Oil-Hardening Low-Alloy and Me- 


dium-Alloy Tool Steels. These steels 
of groups O and L find very limited 
use in cutting tools of the types in- 
cluded here. They may, however, be 


used occasionally for taps with square 
or special thread forms, solid thread- 
ing dies, form tools, expansion reamers 


or taps, or any special design of tool 
having sharp angles, thin projection 
holes, slots, notches, or recesses, where 
safety in hardening is required and 
economic factors do not justify the 
use of high speed steel] 

Advantages. The principal feature 
of oil-hardening steels in the manu- 
facture of cutting tools is their “non- 
deforming” characteristic; predictabil- 

@#Stocked in almost every warehousing 
district and made by the majority of tool 


teel produce 
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Steel 
Group'* 

AISsI- 

SAE 


ASM 
(1948) 


Table IV. 


Cost 


Steel nes 


Maximum 
Recommended 
Hardness,'”’ 
Rockwell C 


Tough- 


WwW I Low Low-High 60-67 
oO IIA Low Medium 60-64 
A 1B Low Medium 60-64 
D 1c, 1b Medium Low 60-64 
Hi IV Low-High High 40-56 
T vc, VD High Low Over 64 
M VA, VB High Low Over 64 


Ill 


Steel 


Low 


High 56-60 


Group" Distortion Safety 
Alsl- ASM in Quenching 
SAE (1948) Hardening Hardening Mediums 


Comparison of Principal Groups of Tool Steels 


Hardening 
Temperature 


deg Fahr 


Resistance 
to Softening 
Effect of Heat 


Wear 


Resistance 


Machin- 
ability 


Low Low-High Good 
Low Medium Good 
Medium High Fair 
Medium High Poor 
High Medium Fair 
High High Fair 
High High Fair 
Medium Low Good 


Depth 
Range, of 


Tendency 
Toward 


Hardening Decarburization 


W I High Low-Med Water 1400 to 1600 Shallow Low 
oO IIA Medium Medium Oil 1400 to 1600 Medium Low 
A 1b Low High Air 1450 to 1850 Deep Medium 
D 1c, Wp Low High Air, Oil 1700 to 2000 Deep Medium 
H IV Low High Air, Oi 1700 to 2250 Deep Medium 
T Vc, VD Low High Oil, Air, Salt 2150 to 2400 Deep Medium 
M VA. VB Low High Oil, Air, Salt 2125 to 2275 Deep High 
S iit Med-High Low-Med Water, Oil 1550 to 1800 Medium High 


(a) Steels in groups F, P and L are omitted from this table be- 
cause they represent specialized applications 
steels within the group have different maximums 


(b) Diflerent 
within the range of hardnes 
(c) The 


hown 
purpose 


ity of the amount of volume change 
in hardening makes them important 
where accurate control of size change 
is essential. Also, they are much less 
likely to bend, sag, twist, distort or 
crack during heat treatment than are 
the water-hardening steels. They are 
lower in price and somewhat easier to 
machine than the high speed steels 
and do not require special high- 
temperature furnace equipment. 

Disadvantages. The oil-hardening 
steels are not quite equal to water- 
hardening steels in ability to develop 
and maintain a keen cutting edge for 
fine finishes, their abrasion resistance 
is certainly no better than carbon tool 
steel, and they have no greater red 
hardness. The initial cost is higher 
than for carbon steels, and they are 
not suitable for final surface treat- 
ments. Their toughness is usually rela- 
tively low and they are not easy to 
grind without cracking or softening. 

Choice of Grade. Although there are 
some metallurgical differences among 
these eleven steels with respect to 
processing and finished properties, 
there is a great deal of overlapping, 
and final selection is based to a large 
extent on availability, past experience 
and price. Grades Ol* and O2 are 
popular as general-purpose steels. How- 
ever, many of the chromium-bearing 
steels such as O7, Ll, L2, L3, L4 and 
L7 will produce tools with about the 
same qualities. Within these grades, 
those containing molybdenum have 
greater hardenability. Steel L6 with 
its content of nickel and low carbon is 
particularly suitable for tools requiring 
extreme toughness and shock resistance 
at the expense of high hardness and 
wear resistance. 

High Speed Tool Steels. 
ent-day conditions of 
repetitive production of parts made 
from all types of material, including 
heat treated steels and highly alloyed 
stainless and heat-resisting materials, 
by far the majority of tool steel cut- 
ting tools of the types covered in this 
section are made of some grade of 
high speed steel (groups T and M). 


Under pres- 
large - volume 
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of this colurmn is to show 


the broad ranges of Metals Handbook 


Advantages. The outstanding char- 
acteristic of high speed steels, as their 
name implies, is the ability to operate 
successfully at speeds and other cut- 
ting conditions which cause the cut- 
ting edge of the tool to attain a high 


temperature of 1000 to 1100F while 
cutting. At this temperature’ these 
steels are still hard enough to cut 


metal and on cooling to room temper- 
ature they will regain their original 
cold hardness. This property is called 
“red hardness” and is the outstanding 
property of high speed steel. Further- 
nore, because of the high content of 
alloy carbides, these steels exhibit wear 
resistance superior to water-hardening 
or oil-hardening tool steels, even though 
the temperature of the latter in service 
remains at or only slightly above room 
temperature. For this reason cutting 
tools made of high speed steel will last 
longer than water-hardening or oil- 
hardening steel tools. 

The high speed steels are relatively 
easy to harden when suitable heat 
treating equipment is available. Since 
they can be fully hardened throughout 
the entire cross section of ordinary 
cutting tools by quenching in oil or 
molten salt baths, or even by air cool- 
ing, the tendency to crack or distort 
during heat treating is slight, provid- 
ing the tools are properly handled and 
supported while at the elevated tem- 
peratures required for hardening. Thus, 
tools of complicated and irregular 
shape which should not be made of 
water-hardening steel can be made 
of high speed steel with comparative 
safety. Because of their red hardness, 
the general-purpose grades are less 
susceptible to softening or cracking in 
grinding than are the water-hardening 
or oil-hardening steels. And _ lastly, 
because of their ability to resist soften- 
ing on reheating after hardening, the 
high speed steels lend themselves to a 
variety of auxiliary surface hardening 
or oxidizing treatments in the finished 
or semi-finished condition. 

Disadvantages. The principal dis- 
advantages of high speed steel are eco- 
nomic. The initial cost is high, ma- 


temperature employed in hardening 
to indicate the heat treating equipment required; it is not to be 
used as a specification 
cles on heat treatment of tool steels, 


This information may serve 


For more exact information, see the arti- 
pages 660 to 676 of the 1948 


chining is relatively costly, the special 
high-temperature furnace equipment 
required for heat treating is expensive 
to install and to maintain, and the 
longer time required for a complete 
hardening and tempering cycle in- 
creases production costs. 

Some of the more highly alloyed 
abrasion-resistant grades present diffi- 
culty in grinding threads or other com- 
plex shapes, resulting in added expense 
In addition, while the toughness or 
shock resistance of properly hardened 
and tempered high speed steel is ade- 
quate for most cutting applications, 
there are certain jobs involving twist- 
ing, bending, shock or unavoidable mis- 
alignment where the superior tough- 
ness of carbon tool steel that has been 
hardened with a hard case and soft 
core is advantageous. 

Despite the economic disadvantages 
just enumerated, once a cutting tool 
has been properly made of high speed 
steel, it is most likely to be a better 
performing, more accurate and longer 
lived tool than can be made from any 
other type of steel and, therefore, may 
easily justify the added cost of manu- 
facturing. Also, for those applications 
where high temperature is generated 
at the cutting edge, high speed steel is 
the only type of steel which can be 
considered, regardless of cost. 

Choice of Grade. Among the 21 
grades of high speed steel listed, there 
is considerable range of choice for 
most applications. The final selection 
should be based on a discreet balance 
of the economic factors of steel cost, 
ease of manufacture, and availability, 
against the metallurgical requirements 
of the finished tool ‘principally red 
hardness, abrasion resistance and 
toughness). 

By far the majority of tools for 
ordinary applications should be made 
from one of the four grades of general- 
purpose high speed steel, T1l*, M1, 
M2* and M10. During 1953, more than 
90°: of the total high speed steel ship- 

*Stocked in almost 
district and made by 
steel producers. 


every warehousing 
the majority of tool 


4 
bd 


Table V. 


Hardness 
Sclero- 


Cross 
Section, 
Brinell in 


scope 


ments were of these 
tributed as follows 


four types, dis- 


46.0% 
M1 215 
M10 149 
95 
All others #1 
100.0°; 


Although having some minor differ- 
ences that can best be evaluated by 
experience, these four grades are closely 
similar in performance. They are the 
lowest priced grades, are most readily 


available from stock and, neglecting 
variations in heat treatment, are the 


toughest of the high speed steels. They 
represent a logical starting point in 
selection from which one may progress 
either toward increased red hardness 
or greater wear resistance or both 
When greater-than-average red hard- 
ness is needed, the steels containing 
cobalt are recommended. When the 
material being cut is highly abrasive 
and dulls ordinary tools rapidly, the 
steels containing higher contents of 
vanadium are the logical choice. In 
steel T15 a combination of cobalt plus 
high vanadium provides superiority in 
both red hardness and abrasion resist- 
ance. All of these highly alloyed grades 
are invaluable in meeting the current 
demand for super high speed steel cut- 
ting tools. However, their use is sub- 
ject to limitation The high-cobalt 
steels require better-than-average pro- 
tection against decarburization during 
heat treatment, especially if all work- 
ing surfaces are not to be ground after 
hardening. Also, these steels are more 
brittle and must be protected against 
excessive shock or vibration in service 
The high-vanadium steels are more 
difficult to grind; both the tool manu- 


facturer and the tool user must have 
atisfactory grinding wheels and ma- 
chines so as not to nullify, by too- 
expensive grinding and sharpening, the 
benerits to be gained through the 
longer life of the tool 

Molybdenum Versus Tungsten. From 


the standpoint of fabrication and tool 
performance, there is little difference 
between the molybdenum and tungsten 
grade Each group has many propo- 
nents but extensive laboratory studie 
and many caretully conducted produc- 
tion comparisons have failed to estab- 
lish any consistent outstanding supe- 
riority for comparable grades of the 
two groups. The important properties 
of red hardness, abrasion resistance 
and toughness are about the same 
Response to heat treatment, machin- 
ability and grades of 
equal vanadium contents 


grindability in 
cobalt 


and 


ties of vendor 


Weight, 


Length, 
in Ib 


55 to 60 380 to 420 10 by 17 20 1000 Dies having shallow 
small tools, wrenct 
track lnks 

50 to 55 340 to 380 15 by 20 36 3250 General forgings not 
with medium impre 
rods, knuckles 

45 to 50 300 to 340 15 by 28 48 6000 Large parts with impre 
ness at this hardness 
deeper locks such a: 
ing gears, propeller 

40 to 45 270 to 300 Size limited only by facili- Inipressions extremels 


crankshafts 
columns and wing 


are practically identical. It is difficult 
to establish any technical reason for 
recommending grades from one group 
over comparable grades from the other 

Of course, all of the grades are not 
comparable. There are certain special- 
purpose steels in each group, such as 
T6, T7, T8, T15 and M6, M8, M35 and 
M36, which have no close counterparts 
in the other group. The unique com- 
positions, properties or prices of these 
steels suited them especially well for 
certain uses without competition from 
any grade in the opposite group. 

Since there are adequate sources of 
molybdenum in the United States to 
supply domestic requirements, whereas 
most of the tungsten must be imported, 
and since the molybdenum steels are 
lower in price than the tungsten steels, 
increased use of molybdenum steels is 
logical. Changes in the consumption 
of molybdenum grades during the last 
five years are plotted in Fig. 1, which 
shows that between 80 and 90° of all 
the high speed steel produced is of the 
molybdenum type. 


Die Blocks and Die Inserts 


Selection of the proper forging die 
steel for a given application depends 
primarily on the following interrelated 
service considerations: the amount of 
production required, cost of steel, ma- 
chining sequence (that is, whether the 
die impressions are machined before or 
after the block is hardened), operating 
temperatures, and shock loading (that 
is, whether the die is to be used in a 
forging press or a drop hammer). As 
the desired properties are frequently 
not compatible with one another, some 
compromise is necessary in making the 
selection 


The three principal causes of pre- 
ae 
Fig. 1. Trend in Relative Volume of 


Molybdenum High Speed Steel 


small axles, rin 


connecting 


pat 


Recommended Sizes and Applications of Pretreated Die Blocks in the Usual Hardness Ranges 


Recommended Applications 


pressions (up to 34 in. deep) such as for 
ple gear blank small connecting rods, 
‘ontaining deep locks or intricate designs 


ions (up to 2 in. deep) such as connecting 


sand gear 


sions up to 5 in. deep. The greater tough- 

level permits more intricate designs and 
large connecting rods, axles, aircraft land- 
hubs and turbine wheel 


large or of intricate de 


rod 


ign such as large 


crankease housing landing gear 


ections 


mature die failure are pressure, tem- 
perature and abrasive action. Exces- 
sive pressure is the least of forging die 
problems. Dies are usually of ample 
size and shape, and the effects of pres- 
sure can be controlled by vents, reliefs, 
sprues and lubrication 

Abrasive action is inherent in forging 
and there is no practical way to pre- 
vent it; however, it can be minimized 
by proper design. Also, the forging 
operator can do much to minimize 
abrasive wear by conscientiously re- 
moving scale from the die impressions, 
and the heater can help by avoiding 
excessive oxygen in the flame, so that 
minimum scale is formed on the stock 
to be forged. 

Temperature is the largest single 
cause of early die wear and the effect 
of heat is a major consideration in se- 
lecting a die steel 

Water-Hardening Low-Alloy Die 
Steels W2*, W3, W4, W5 


are used in low-production operations. 
The resistance of these steels to abra- 
sion at higher temperatures is rather 
low; they are shallow hardening and 
ubject to distortion when hardened in 
irregular sections. However, the steels 
are inexpensive, readily machinable 
and attain high hardness. 


The higher surface hardness of the 
impression, together with the softer 
core, Warrants their use where thin 


parts of small section are to be forged 
to high dimensional accuracy. 

Oil-Hardening Low-Alloy Die Steels 
VIG, VIF2 and VIF3 

have greater hardenability and distort 


less during hardening than the water- 
hardening steels The alloy content 


insures deep and uniform hardening, 
usually through the entire section; thus 
the worn impression can be resunk 
everal times without further heat 
treatment These steels are low in 
cost for extended runs, easy to ma- 
chine and heat treat, and have good 


resistance to wear and shock at mod- 
erate temperature 

With the availability of prehardened 
and tempered blocks, machinable at 60 


scleroscope (420 Brinell), the use ol 
annealed die blocks has all but van- 
ished. The latter are generally used 


where greater hardness is needed than 
is available in the commercially pre- 
treated block 

The general-purpose die blocks are 
upplied commercially in the quenched 


and tempered condition at four hard- 
ne levels as indicated in Table V 
showing recommended block sizes and 


applications. 
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Oil-Hardening or Air-Hardening Me- 
dium-Alloy Die Steels 


H11*, H12*, H13, VIF3 


offer improved die life through im- 
proved abrasion resistance at tempera- 
tures obtained by heat treatment after 
impressions are sunk. They also have 
maximum hardenability with minimum 
distortion and size change. Use of 
these steels permits the manufacture 
of more complex and precise dies with- 
out added expense for excessive rework 
or finishing after heat treatment. 

Oil-Hardening or Air-Hardening 
High-Alloy Die Steels 


Sl*, H20*, H21 
H22, H24, H25 

have excellent 
high working 
not without 
properties. 

As a group, these steels should out- 
wear the other types of die steels. 
Usually they are less shock resistant 
than others, and extreme care must be 
taken to insure proper mating and 
alignment, lest early failure occur by 
chipping, cracking or total failure. 
Generally these steels are used as hot 
die inserts in presses and are installed 
in insert holders made of a low-alloy 
die steel having good toughness and 
shock resistance. These complex high- 
alloy steels offer maximum output 
where long production runs are antici- 
pated and have high resistance to the 
softening effects of heat, although ma- 
chinability must be sacrificed and added 
care must be taken to heat treat them 
to best advantage. 

Heat Treatments are given on page 
666 of the 1948 Metals Handbook. 


abrasion resistance at 
temperatures, though 
sacrifice of some other 


Tools for Forging Machines 


Nearly all of the hot work steels and 
several of the shock-resisting steels 
can be used for tools in hot forging 
machines. 


Gripper Dies and Header Dies, for 
use where surface temperatures do not 
exceed 800 F and where the forces are 
largely compressive, are now made pri- 
marily from H12*® (0.50% C) or A2®*. 
However, dies having sharp internal 
corners are likely to break if made 
from A2. Steel IVA2 is useful for 
gripper dies subject to high compres- 
sion and sliding pressures. 

Where high toughness is necessary 
and wear resistance may be sacrificed, 
Sl* may be used. For high toughness, 
good red hardness up to 900 F, and best 
resistance to heat checking the similar 
types H1ll*, H12*, or H13 may be used. 
For high working temperatures where 
the surface of the die may have to 
operate up to 1100 F, H14, H20*, H21* 
or H22 may be used, but water cooling 
of such dies in service is not recom- 
mended. 

If the working temperatures are 
above 1100 F, H24, H25 or H26 might 
be necessary. The toughness of these 
steels is lower than H14, H20, H21 and 
H22, and sudden temperature changes 
must be avoided. Preheating for service 
must be done carefully and sudden 
cooling avoided. The cost of steels H24, 
H25 and H26 is high and their use can 
be justified only for continuous high 
production. The hardness of gripper, 
heading, upsetting or bending dies 
should be in the range of Rockwell 
C 45 to 50. 
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Piercers and Punches subject to se- 
vere bending forces and high working 
temperatures must be made of steels 
with high toughness, red hardness, re- 
sistance to heat checking and resist- 
ance to “washing”, the properties being 
listed in order of importance. The 
need for high red hardness rules out 
use of the shock-resisting steels. For 
applications needing moderate red 
hardness, the H11*, H12* or H13 steels 
may be used at Rockwell C43 to 48; 
toughness will be excellent. For higher- 
temperature operations H16, H20*, 
H21*, H22 or H25 may be used at some 
sacrifice of toughness. The extreme 
heat and mechanical shock usually rule 
out H24, H41, H42 or H43 for piercers 
or punches except for some special 
high-production runs. 

Crowners or Punches subject to me- 
chanical shock may be made of S1* 
steel when contact with the hot forg- 
ing is so brief that red hardness is of 
slight importance. For greater red 
hardness, H11l*, H12* or H13 may be 
used with excellent results at hard- 
nesses in the range Rockwell C 40 to 45. 
Seldom do these tools require the ex- 
pensive tungsten or molybdenum steels. 

Cutoff Tools and Trimming Dies re- 
quire high hardness and abrasion re- 
sistance; red hardness may be impor- 
tant, depending on the operation. For 
light work Sl*, Hll*, H12*® or H13 
may be used at Rockwell C47 to 52. 
For more severe operations H16, H20*, 
H21* or H22, and for the most severe, 
H24 or H26, may be considered. It is 
seldom the latter steels can be justified 
for shears and trimmers. 

Nut Dies require a compromise among 
toughness, red hardness, resistance to 
heat checking and abrasion and may 
be made from steels H11*, H12*, H13, 
H15, H20*, H21*, H22 or H26. The 
listing is generally in the order of in- 
creasing cost and increasing service- 
ability but specific jobs may best be 
served by one or two of the interme- 
diate steels, such as H20* or H21*. 
Usual hardness for this group is Rock- 
well C 43 to 48. 


Surface Condition of the treated tool 
is extremely important. Because the 
highly alloyed steels require high heat 
treating temperatures, the actual car- 
bon content at the surface may be far 
from the anticipated value. Carburi- 
zation or decarburization during treat- 
ment must be scrupulously avoided if 
maximum strength, toughness and re- 
sistance to abrasion and heat checking 
are to be realized; accurately controlled 
atmosphere furnaces or salt baths are 
highly advantageous. Lacking such 
equipment, pack hardening may be 
necessary. An excellent variant of pack 
hardening is to copper plate the tool 
and then to heat it in a carburizing 
medium to the hardening temperature. 
With these precautions, prolonged soak- 
ing for maximum carbide solution will 
not damage the tool if hardening tem- 
peratures are below 1900 F. 

Whenever possible, the surface oxide 
remaining after heat treatment should 
be left on the tools (unless scaling has 
been excessive) as it retards seizing 
and galling. If grinding or polishing 
exposes bare metal, the tools should be 
reoxidized by heating in air for about 
30 min at about 50 F below the temper- 
ing temperature. 

Double tempering is effective in re- 
lieving stresses—an important factor 


in tool breakage. Careful preheating 
of tools before being started in service 
pays dividends in reduced breakage. 
Lubrication, proper mechanical adjust- 
ment, and cooling of tools in service 
are other important but specialized 
phases promoting satisfactory tool life. 

Heat Treatments are given on page 
668 of the 1948 Metals Handbook. 


Tools for Trimming 


Cold trimming usually means trim- 
ming of metal flash at room tempera- 
tures but may also include operations 
up to about 300F. Hot trimming re- 
fers to work on material above 1000 F 
Trimming at temperatures between 300 
and 1000 F is usually considered a hot 


operation when the tools are being 
selected. 
Hot operations require steels with 


good resistance to softening at elevated 
temperatures, whereas cold operations 
require greater toughness and wear 
resistance. The required ratio of tough- 
ness to wear resistance depends on the 
irregularities of thickness, the hard- 
ness, shape and surface conditions of 
the metal being trimmed, and on the 
quantity of production. 

Hot trimming of heavy irregular flash 
requires toughness primarily, and steels 
Sl*, Hll* and H12*® may be used, 
respectively, as the temperature in- 
creases from warm to hot. Steels H14, 
H21* and H22 are used above 1000 F. 
Steel IVA2 is now virtually obsolete 
for trimming applications. 

Where the toughness requirements 
are not so severe, but high resistance 
to abrasion at elevated temperatures 
is important, steels H24 and H26 are 
desirable. Where temperatures are in 
the range 300 to 1000 F, and the flash 
is uniformly thin, and extreme accu- 
racy is required, it is sometimes de- 
sirable to use a cold work tool steel 
such as A2*® or D2*. 

Tools for hot trimming are generally 
used in the hardness range Rockwell 
C 47 to 57, the softer being more suit- 
able where extreme toughness is indi- 
cated, and the harder where accuracy 
and wear resistance are most important. 

Cold trimming of heavy irregular 
flash requires toughness, and steel S1* 
is recommended. Where long runs 
under fairly uniform conditions are 
involved and resistance to wear is the 
principal concern, steels A2*, D2*, H26 
and H42 are preferred. If production 


runs are short and other conditions 
fairly moderate and uniform, steels 
W1* or O1* are satisfactory. 

The usual hardness range for cold 
trimming tools is Rockwell C 52 to 62, 
with the harder ones preferred for 
long runs under uniform conditions 


and the softer for irregular shapes and 
higher toughness. 

Heat Treatments for trimming tools 
are discussed on page 669 of the 1948 
Metals Handbook. 


Tools for Hot Extrusion 


Hot extrusion involves severe 
ditions of temperature, pressure 
abrasive wear, which depend on 
metal being extruded. 

For extruding aluminum or magne- 
sium, both relatively soft and low- 
melting, the dies, mandrels and dummy 
blocks are usually made from 


H11* or H12*, 


con- 
and 
the 


Tool Steel Selection 


For high brasses and leaded brasses, 
the same steels and one of higher 
tungsten content are recommended: 


H11*, H12*® and H21*. 


The harder, more abrasive copper 
alloys such as cupro-nickel and silicon 
bronze are extruded at higher temper- 
atures and pressures, and may require 
steels of higher red hardness and wear 
resistance. Recommendations vary for 
the different tools, as follows: 


Dies H1l4, H22, H26 
Mandrels'” Hil®, Hi2®, H21 
Dummies Hl4, H2i®, H22 


(a) Mandrels made from H21 should not 
be water quenched 
Hot extrusion of steel is still rela- 


tively new and selection practices are 
not firmly established. Steels H21*, 
H22 and H26 are sometimes used. The 
problems are similar to the more se- 
vere applications of tools in hot forg- 
ing machines, discussed in the pre- 
ceding section. 


Table VI. 


Hardening 
Temperature,'* 


Preheating 
Temperature, 


Steel deg Fahr deg Fahr 
Hill® 1400 to 1450 1800 to 1850 
Hille 1400 to 1450 1825 to 1875 
Hl4 1400 to 1450 1900 to 1950 
H2l® 1500 to 1550 2100 to 2150 
H22 1500 to 1550 2150 to 2200 
H26 1500 to 1550 2150 to 2250 
(a) Time at temperature: 20 to 40 min 

last three 


Design factors are important in se- 
lection; extruded shapes having sharp 
corners, wedge designs and adjoining 
thin and thick sections require tools of 
high toughness. Dies for extruding 
these and other intricate sections are 
used at hardnesses of Rockwell C 32 to 
45. The lower part of this range (32 to 
40) is applicable for steels H21*®, H22 
and H26 where extreme toughness is 
required; the higher part (40 to 45) is 
applicable for Hll*®, H12® and H14. 
Dies for regular sections, such as tubes 
or solid rounds, are used at Rockwell 
C 45 to 50. 

Mandrels for brass and copper ex- 
trusion are used at Rockwell C 42 to 46 
and are normally water or oil cooled in 
service. Mandrels for aluminum and 
magnesium are used at Rockwell C 50 
to 55 and are not water cooled. 


Thickness Category 


Thin 
Medium work 
Heavy & extra heavy ' 


work 


interrupted oil 
Interrupted oil 


for the first three steels; 


Table VIII. 


Thickness 
Range 


', in. or less 
', to 44 in 
4, in. or more 


Dummy blocks are used at Rockwell 
C40 to 46, the higher alloy composi- 
tions such as H21* and H22 being held 
to the low side of this range. 

Improper alignment of the tool as- 
sembly promotes nonuniform stresses 
and results in premature failures. The 
importance of preheating the tools and 
providing proper lubrication must also 
be carefully considered; well preheated 
dies, mandrels and dummy blocks are 
less susceptible to cracking and heat 
checking in service. If water cooling 
is involved, the high-tungsten steels 
should be avoided, as premature crack- 
ing and breaking will occur. 

Heat Treatment. Hardening 
tempering treatments are given 
Table VI. 


and 
in 


Dies for Drawing Wire, 
Bars and Tubes 


Except for odd sizes and small lots, 
steel dies for the drawing of wire have 
been largely replaced by tungsten car- 
bide. The same is true of dies for cold 
drawing bars, except the larger sizes, 
rectangles and intricate shapes. In the 
drawing of tubes, except for the small- 


Hardening and Tempering Treatments for Hot Extrusion Tools 


Tempering 
Temperature, 
deg Fahr 


Hardness, 
Rockwell C 


Quenching 
Medium 


Air 1000 to 1100 53 to 43 

Air 1000 to 1200 53 to 30 

Al 1050 to 1200 53 to 40 
Air or 


1050 to 1250 52 to 33 


1100 to 1250 55 to 37 
Onl, air or 


250 
molten bath i to 1% 


53 to 42 


15 to 30 min for the 


est sizes such as capillary tubing, a 
mandrel is held inside the die so the 
tube is not only reduced in over-all 
diameter but also in wall thickness or 
gage. Both die and mandrel are cus- 
tomarily of carbide, except dies for 
odd sizes and shapes or small lots, 
and unless the tube is larger than 
about 3 in. Large-size steel dies are 
dictated by tool cost, although carbide 
would give superior performance 

Where steel tools are to be used, the 
following are most common: 


W1*, W2*, F2, F3, O06, D2* and D4* 


Selection of the steels, where used, 
is as follows: For wire drawing: W1*, 
W2*, F2 or F3. The F2 and F3 steels 


give greater production but cannot be 
shrunk back to size as readily for re- 
working 


For bar and tube drawing 


in Products Sheared 


Cold Shearing 
Strip, sheet, tin plate 
Bars, shapes, plate, strip 
Bars, billets, plate 


Hot Shearing 


Medium work , to 44 in Bars, strip, sheet 
Heavy work 3, to4in Bars, billets, sheet bar 
Extra heavy work 4 in. or more Billets, blooms, slabs 


#Stocked in almost every warehousing 


Steels for Solid Shear Blades 


Table VII. Hardening and Tempering 
Treatments for Wire, Bar and 
Tube Drawing Dies 


Hardening 


Tempera- Tempering 
Temperature, 
Steel deg Fahr deg Fahr 
Wik, W2e" 1450 to 1500 350 
F2,F3 . 1475 to 1525 350 
O68 1475 to 1525 350 
D2", Dik 1800 to 1875 400 to 450 


(a) Steels D2 and D4 should be preheated 
at 1500 F; preheating 1s not required for the 
other steels 
For W1, W2, F2 
oil, D2 and D4 


(b) Quenching Mediums 
and F3—water or brine, O6 


ail 


dies, W1* and W2* can always be used 
if the requirements for production are 
not severe but F2 and F3 are preferred 
because at least twice as much pro- 
duction between redressings can be ob- 
tained as with W1 or W2. For the 
more severe jobs where abrasion and 
resultant frictional heat are present, 
D2* and D4* are preferred. W1, W2, 
F2 and F3 will shrink or close-in the 
hole slightly in hardening, so that 
slight wear can be compensated dor by 
rehardening, whereas the D2* and D4* 
steels will tend to expand in harden- 
ing, so that when worn, they have to 
be reworked to the next larger size 
The first-mentioned steels, if properly 
hardened, will have a soft tough core, 
whereas the latter two are through- 
hardening, hence more likely to fail 
under excessive pressures or shock 

Hard chromium plating, 0.0015 to 
0.0025 in. thick, increases die life from 
2 to 5 times, depending on the material 
being drawn. 

Heat Treatment. Hardening and 
tempering treatments are given in Ta- 
ble VII. The W and F steels should 
be quenched on a fixture designed so 
the coolant is circulated through the 
hole or working part of the die. This 
method leaves the remainder un- 
quenched and soft and insures the de- 
sired shrinking of the hole and soft 
backing. Simple fixtures clamp the die 
so that all surfaces are protected from 
the cooling liquid except the hole 
through which the water or brine is 
forced under pressure. 


Solid Shear Blades 


The selection of steel for solid shear 
blades is governed primarily by the 
thickness and temperature of the metal 
to be cut. Thickness ranges are de- 
fined and related to products in Table 
VIII. 

Cold Shearing. For occasional shear- 
ing of thin metals in small tonnage, 


Steel 


Wis 
Wi, Di 
VIFS 


W2e, DI, Die 


D2e, Die, A2*, 


D1, Hil®, Hi2® 
Hil®, H208% 


district and made by the majority of tool steel producers 
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Tool Steel Selection 


W1* or W2* would usually be selected: 
they combine simplicity in hardening 
with low cost. If production cutting is 
involved or if the work is abrasive, 
steels of the high-carbon high-chro- 
mium type would be used, such as D1, 
D2* or D4*. 

For cutting metal of medium thick- 
ness the same grades may be used but 
tempered to a lower hardness to avoid 
chipping of the cutting edge. Some 
sacrifice in wear resistance must be 
accepted. In addition, A2*® or L6 may 
be used, particularly where greater 
toughness is desired and wear resist- 
ance can be sacrificed. Of the seven 
steels, probably L6 would show the 
greatest toughness and resistance to 
chipping of the cutting edges. 

For extra heavy or heavy materials, 
fine cuts are not involved and it is un- 
necessary to maintain a keen cutting 
edge. Hence the shock-resisting steels 
are employed, such as S4* or a mod- 
ification of L6 listed as VIF3 in the 
ASM classification. 

Hot Shearing imparts some heat to 
the cutting edges of the shear blades. 
Therefore, steels must be selected that 
will resist softening under heat. For 
medium gages, heating is moderate 
and little shock resistance is needed. 
D1, H11*® and H12* are usually recom- 
mended, D1 for the lighter gages and 
greatest production runs, and H11* and 
H12* for heavier gages or lesser runs. 

Heating from heavy materials will be 
greater and more shock encountered. 
Where temperatures are on the low 
side and shock is considerable, S1* 
and S5* are preferred. For the hotter 
metal, Hll*®, H12*, H20* or H21* 
would be selected, the first two where 
shock is the greatest and the last two 
to withstand the most heat. 

For extra heavy materials, as much 
heat may be involved as in the pre- 
vious group, but the shock will be 
considerably greater. Hence the more 
shock-resisting steels such as VIF2, 
Sl*, S5*, H11* or H12*® are used with 
some compromise on heat resistance. 

Heat Treatment of solid shear blades 
is discussed on page 669 of the 1948 
Metals Handbook. 


Blanking and Piercing Dies 


“Blanking” is the shearing of a 
shaped part (a blank) with a com- 
pletely enclosed periphery, from strip, 
sheet or plate. The cutting of a shaped 
hole within a blanked part is called 
“piercing”. The material is usually 
sheared by a moving blade (punch) 
and a fixed edge (die). 

Blanks are made from almost every 
flat rolled material, ranging from pa- 
per to high-silicon electrical steel, 
Thicknesses vary from less than 0.001 
to more than 1.0 in. Work tempera- 
tures may exceed 1500 F. A blank may 
be a simple circle or a shape more 
complicated than a snowflake. 

The selection of tool steel is of 
setondary importance compared with 
the proper design and construction of 
the die. Many examples could be given 
to illustrate how die life has been 
doubled or tripled while using the 
same tool steel with a better designed 
and constfucted die. The most im- 
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portant design and construction fac- 
tors are: (1) well-guided punches, (2) 
proper clearance between the punch 
and die in relation to the thickness of 
material being punched, (3) accurate 
alignment of punch and die, (4) com- 
pound die construction where sharp 
corners are necessary, (5) heat treat- 
ment of the die to optimum hardness, 
(6) grinding off decarburized surfaces, 
and (7) careful grinding to minimize 
softening and residual tensile stresses 
on the cutting edges. 

After the proper design and con- 
struction methods have been estab- 
lished, the tool steel should be selected 
with reference to these principles: 

1 Machinability generally decreases as 

the carbon and alloy contents increase 

2 Wear resistance is directly related to 

the carbon content and the presence 
of carbide-forming alloying elements. 

3 An increase in Wear resistance is usu- 

ally accompanied by a decrease in 
toughness 

4 Distortion and quench cracking de- 

crease as the severity of the quench 
decreases 

With the last of these principles in 
mind, the applicable tool steels may 
be divided into the following four 
categories: 


Water- Oil- Air- 
Hardening Hardening Hardening 
Wik Ale 
W2n 02 A4 
W3 O06 A5 
w4 O7 A6 
W5 Sl® D1 
W6 
Ww7 D3" 
S2 D6 D5 
S3 
S4® 
High 
Speed 
H26 
1142 
M2* 
Tl* 


Water-Hardening Steels are the most 
popular for piercing and blanking dies; 
machinability is good; wear resistance 
can be controlled by varying the car- 
bon from 0.60 to 1.40%. The shallow 
hardening characteristic produces a 
hard surface with a softer and tougher 
core in sections over '» in. A minimum 
of heat treating equipment is necessary. 

Unfortunately, water-hardening steels 
distort and may crack during harden- 
ing. This is aggravated with variable 
section sizes, sharp corners, blind holes 
or complicated shapes. It is impossi- 
ble to predict the dimensional changes 
in advance, primarily because of the 
variable amounts of core and Case. 
Variables affecting case depth are too 
numerous and complex to cover here. 

Care should be taken in grinding, 
because the hardness of these steels 
falls off quickly above 350F. With 
ordinary grinding methods, surface sof- 
tening can easily occur. 

Wi1*, W2* and W4 are available in 
carbon contents from 0.60 to 1.40°%, in 
0.10 ranges, and would be chosen ac- 
cording to the wear resistance or tough- 
ness required. Small amounts of chro- 
mium are present in some of the steels 
to increase the hardenability, thus 
making them suitable for larger sec- 
tions. Vanadium is added to some, to 
minimize grain growth where higher 
quenching temperatures are used for: 
increased hardenability or where con- 
trol of quenching temperature is poor 
or erratic. 


The S steels are used mainly for 
punches whose cross section is so 
small that water-hardening steels do 
not give the favorable case-core effect. 
Punches for piercing holes of diameter 
approaching the thickness of the ma- 
terial being pierced require exceptional 
shock resistance, and S4* is the most 
commonly used steel. A _ slight im- 
provement in wear resistance is ob- 
tained when tungsten is added (S3). 
These steels can be oil-hardened in 
moderate sections from higher than 
normal quenching temperatures. 

Oil-Hardening Steels. Dies with 
sharp corners, complex shape and vari- 
able section size have been successfully 
made from oil-hardening steels with a 
minimum of breakage and distortion 
during hardening. The low quenching 
temperatures and the relatively mild 
quench reduce the residual stress in 
the hardened dies. Because the dies 
harden throughout the section, the 
amount of dimensional change ob- 
tained is more predictable, which per- 
mits closer finish machining and re- 
duced finishing costs. The toughness 
of water-hardening steel in sections 
over '» in. is absent in oil-hardening 
steel. Care must be taken to prevent 
softening and cracking during grinding 

Oil-hardening steels fall naturally 
into two categories, the low-alloy 
grades of the O and S groups and the 
highly alloyed grades of the D group. 
The wear and abrasion resistance of 
the low-alloy steels is not much better 
than the equivalent water-hardening 
die steels. Most of the alloying ele- 
ments are used to increase harden- 
ability rather than to form carbides. 

Steel Ol* is for general utility. The 
other steels of group O are used for 
their special characteristics. Harden- 
ing of O2 can be accomplished with a 
minimum of distortion but some wear 
resistance is lost. Better wear and 
abrasion resistance is obtained with 
steels O6 and O7 but more distortion 
can be expected. 

The oil-hardening S steels are sim- 
ilar to the water-hardening steels of 
the same class. S1* will have the best 
combination of toughness and wear re- 
sistance. S5* is somewhat tougher 
than Sl* but has less resistance to 
wear and abrasion. Both are popular 
for tough punching applications. The 
S steels are not considered “nonde- 
forming” because the hardening tem- 
peratures are quite high. 

The highly alloyed oil-hardening D 
steels have excellent resistance to wear 
and abrasion. They are used for high- 
activity dies where the additional ma- 
chining, grinding and material costs 
are justified by the long life obtained. 
Steel D3* is the common grade; D6 
was developed for extreme resistance to 
wear and abrasion. The high quench- 
ing temperatures required for full 
hardening cause troublesome distor- 
tion, particularly with complex dies. 
These steels are similar to the air- 
hardening grades of the same class, 
and the difficulties mentioned below 
for the latter will obtain for both types 

Air-Hardening Steels. Dies and 
punches with sharp corners, variable 
section size, blind holes and complex 
shapes can be safely hardened with 
minimum breakage, distortion and 
dimensional change when the. air- 
hardening steels are used. The alloy- 
ing elements added to increase hard- 
enability usually form carbides which 


} 


improve resistance to wear and abra- 
sion. 

These steels are the least 
able of all tool steels, even in the an- 


machin- 


nealed state, and machinability de- 
creases with increasing carbon content. 
Although the danger of softening dur- 
ing grinding is minimized by the addi- 
tion of alloying elements, the improved 
wear resistance hinders grinding and 
increases the incidence of grinding 
cracks. A_ soft, well dressed wheel 
should be used. 

The cost of air-hardening tool steels 
is greater than for those previously 
discussed, though less than for high 
speed steels. However, added expense 
is often justified by the increased die 
life and reduced quench cracking. 

Quenching temperatures for 
hardening steels are usually 
than for the other grades mentioned 
so far. This necessitates controlled 
atmosphere furnaces, or the tools must 
be packed in spent pitch coke or cast- 
iron chips. 

Air-hardening steels can be divided 
into two groups, the medium-alloy and 
high-alloy. In the former group the 
most common is A2*, which has good 
wear resistance and is used extensively 
for medium-activity dies where the 
superior wear resistance of the higher- 
alloy steels is not required. The others 
in this group are less wear resistant 
than A2* and are used where extreme 
accuracy after hardening is required; 
A6é is for applications which require a 
combination of good shock resistance 
and low distortion after hardening 

The high-alloy air-hardening steels 
were developed to provide maximum 
resistance to wear and abrasion. They 
are difficult to machine and to grind. 
D2* is the most popular, but D4® is 
rapidly gaining favor, especially for 
highly abrasive applications. Carbide- 
forming elements such as cobalt and 
tungsten are added to improve the 
wear resistance further; these varia- 
tions are typified by D5 and D6. All 
these are extremely difficult to grind, 
and a minimum allowance for grinding 
should be made. 


air- 
higher 


The most popular  air-hardening 
steel for high-activity dies is D2*, 
which has excellent edge strength, 
good abrasion resistance and can be 
hardened with minimum dimensional 
change. 

Steel D4*® and high-vanadium and 


cobalt variations of this grade are used 
for extremely abrasive applications— 
for instance, punching laminations of 
high-silicon steel. 

High Speed Steels and Special Proc- 
esses. Many materials must be blanked 
and pierced when hot. High-activity 
dies for these applications are often 
made from low-carbon high speed 
steels H26 and H42. For additional 
information concerning high-tempera- 
ture applications, the reader may con- 
sult the sections of this article on tools 


for forging machines and tools for 
trimming. 
Cold blanking dies made from car- 


burized high speed steel have excellent 
life. Often the increased die life more 
than pays for the extra material, ma- 
chining and heat treating to make the 
die from high speed steel 

Pack carburizing is the 


most com- 


*Stocked in almost every warehousing 
district and made by the majority of tool 
steel] producers. 


mon method of case hardening high 
speed steel although gas carburizing is 
increasing in popularity. 

The typical pack carburizing treat- 
ment outlined below is satisfactory for 
both M2*® and T1*: 

1 Pack in carburizing compound. 

2 Hold 2 hr at 1650 F. 

3 Raise temperature to 1950 F and hold 

for '2 hr after temperature is uniform 


4 Quench in a salt bath at 1100 70 F; 
hold until the part has cooled uni- 
formly to the bath temperature 


remove and cool in still air to 200 F or 
lower 

5 Temper 2 hr at 1025F;, 
temperature 

6 Repeat the tempering treatment twice, 
since triple tempering is required to 
transform all the austenite in the case 


cool to room 


Since size change or distortion is 
very slight with this treatment and 
case depths are relatively shallow, it is 
both practical and essential that only 
the minimum amount of stock be 
allowed for grinding after hardening 

Punching thin materials requires dies 
with small clearances. Expert tool 
makers and expensive machining and 
grinding equipment are required to 
make such dies from hardened tool 
steel. For short production runs, for 
experimental runs or for plants with 
inadequate toolmaking facilities, it is 
often advisable to use soft or semi- 
hard dies with hardened punches. 

The soft die is machined slightly 
oversize, after which the punch and 
die are mounted in the press. The 
punch is raised out of the die. The 
cutting edge of the die is “caulked in” 
with a ball-peen hammer. The punch 
is then lowered to “shear in” the die. 
This process is repeated whenever the 
burr on the blank becomes excessive. 
Virtually any unhardened or moder- 
ately hardened steel can be used for 
the “soft” die. Maximum die life 
using this method can be obtained with 
high speed steel dies hardened to Rock- 
well C 33 to 38. 

It should be emphasized that this is 
an expedient not to be employed for 
high-activity items. 

Further information on the heat 
treatment of piercing and blanking 
dies is given on page 671 of the 1948 
Handbook. 


Press Forming Dies 


Dies for the press forming of simple 
contoured parts, and parts with bal- 
anced sections that have few blind 
holes or holes near the edges, can be 
safely made from the straight-carbon 
and carbon-chromium tool steels, W1*, 
W4 and W5. Steels of this class are 
usually employed in the form of inserts 
in a cast-iron shoe. If of very simple 
design, they may be fastened to a steel 
or cast-iron die plate. For die or punch 


sections thicker than 3 or 4 in., the 
lower carbon ranges (0.75 to 0.85%) 
are recommended, preferably with 


small percentages of chromium to im- 
prove the hardenability and core prop- 
erties after heat treatment. 


These steels machine well in com- 
parison with most tool steels and pro- 
duce hard, wear-resistant and score- 
resistant surfaces when heat treated 
However, they have limitations as to 
the number of reworks or surface 
dressings, because of their shallow 
hardening characteristics. As the in- 


tricacy of the die and punch increases 
or as higher production is required, 


other steels should be considered, such 
as the oil-hardening O1* or O6, which 
are much safer to harden because of 
the less severe oil quench. Distortion 
is also less and there is some improve- 
ment in wear properties at the same 
hardnesses, compared with carbon 
steels. For high-production dies and 
dies of such shape as to be hazardous 
in either a water or oil quench, the 
air-hardening steels such as D2*® or 
D4* should be used, and neutral hard- 
ening is required to prevent heavy de- 
carburization. A small growth in over- 
all dimensions usually occurs The 
steels have excellent wear resistance, 
Die rings and punches are sometimes 


cast to shape from these two steels, 
which saves considerable machining 
in bringing the dies to finished size 
For some severe forming operations 
where the press operation requires 
heavy bottoming blows to form the 


part fully, a steel suitable for a ham- 
mer die-block is used, such as L6 or 
ASM VIF2, generally flame hardened 
on the working surfaces. These also 
are sometimes cast into a solid die or 
punch, or they may be forged into 
inserts which are machined and fitted 
into a low-carbon steel or cast-iron die 
shoe. The working surfaces and espe- 
cially the draw radii are then flame 
hardened to about Rockwell C 45 to 50 
If production requirements are low 
these dies may be used as normalized, 
without further treatment. These steels 
work harden rapidly to produce a 
smooth working surface which favors 
good surface finishes on the stampings 

Heat Treatments are discussed on 
page 671 of the 1948 Metals Handbook 


Press Drawing Dies 


The press drawing or deep drawing 
of sheet metal can be divided into two 
categories, as follows 


Category 1. Flowing light-gage sheet 
metal into a die by a punch, draw ring 
and blank holder that restrict the flow of 


metal only enough to stretch it around 
the punch and to set it permanently in 
this form A minimum of ironing-out 
and reduction of thickness is obtained 
Subsequent annealing is not required ex- 
cept for nonferrous metals where 
restriking of corners or flanges is neces- 
sary or where cracking 
might later become a problem 
Category 2. Forcing heavy-gage 
metal or plate into adie by a punch 
erally without a blank holder, re 
of the metal being obtained by 
the clearance between punch and dic 
slightly less than the metal thickness 
The form is obtained by a combination of 
flowing and elongating of the This 
may be done in one dic of dit 
depending on the depth of draw When 
than one draw 1s interme- 
annealing 1 required 
reduction of 


some 


stress-corrosion 


sheet 
triction 
having 


metal 
ora erie 
more made, 
diate penerally 
Heavy 
and ironing-out occult 


cro ectional area 


There is a wide difference in the tool 
materials needed for these two cate- 
gories. The extent of production ‘short, 
medium or long runs) and the cost of 
available die materials also are impor- 
tant in selecting the one that will most 
economically produce satisfactory part: 
over the required production schedule 


Category 1—Low Production. ‘Too! 
requirements are high resistance to 
frictional wear and to galling; low 


strength is usually sufficient. Gray cast 
iron is generally satisfactory, with a 
tensile strength of 25,000 to 30,000 psi, 
such as SAE 120 or 122 ‘ASTM class 25 
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Tool Steel Selection 


or 30). Other costlier materials may be 
used, such as water-hardening or oil- 
hardening tool steels W1*®, Ol*® or O2. 
Rubber hydroform dies have been used 
successfully where a very short produc- 
tion run is scheduled, as for aluminum 
aircraft parts. Certain types of plastic 
dies are now being tried on short runs. 

Category 1—Medium Production. 
Higher strength is needed than for low 
production and the die surface should 
be flame hardenable. Alloy cast iron 
having a tensile strength of 40,000 to 
50,000 psi, such as ASTM class 40 or 50, 
is suitable. Dies for medium produc- 
tion may have hardened steel inserts 
in the draw ring or lower-shoe draw 
surface. Inserts of simple design and 
balanced section may be made of water- 
hardening W1*, usually hardened and 
tempered to Rockwell C 58 to 60. Un- 
balanced or odd-shaped sections, corner 
inserts and the like are usually made 
from oil-hardening tool steels. On 
small dies such as cupping dies and 
small progressive draw dies which need 
higher strength and wear resistance 
than alloy cast iron will give, the 
punch, die and blank holder are often 
made of oil-hardening tool steel. These, 
as well as the inserts for iron dies, are 
made from Ol*, O2, O6, L6 or LZ. 
Hardness of the heavy sections is gen- 
erally held to Rockwell C 55 to 60; light 
sections, small punches and dies are 
Rockwell C 58 to 62. 

Category 1—High Production. 
strength alloy irons are suitable for 
many high-production operations but 
are usually arranged with tool steel in- 
serts around the working areas. Iron 
having a tensile strength of 45,000 to 
60,000 psi, such as ASTM Class 50 or 
60, is recommended. Flame hardening 
the draw surfaces including the draw 
radii is beneficial. Inserts are usually 
made from tool steels Ol*®, O6, A2*® or 
D2*. On the more severe draws where 
heavier gage metal is being worked, 
dies and punches are made from D2, 
A2*, D5 and L6, generally cast to ap- 
proximate shape, then finish machined 
and heat treated to about Rockwell C 
58 to 62. 

Category 2. 


High- 


Regardless of the pro- 
duction rate, this category represents 
severe service. Dies in this class are 
always made from steel and sometimes 
have sintered carbide wear rings assem- 
bled in the draw area. High-carbon 
high-chromium steels D2*®, D3* and 
D5 are the most widely used. In the 
more severe draw operations high speed 
steels M2*® and T1*® are sometimes used 
because of their high compressive yield 
strength and ability to resist scoring 
and pick-up. On less severe draws the 
low-manganese oil-hardening Ol® may 
be used. Other steels found satisfac- 
tory are O6, A2*, O2 and L6. 


Coining Dies 


Cold coining is a severe test for any 
die steel and requires high toughness, 
compressive yield strength, wear resist- 
ance and resistance to chipping. Light 
coining may be done satisfactorily with 
dies made from W4, W5, W6 or W7 at 
Rockwell C 58 to 62. More severe coin- 
ing may require the deeper-hardening 
steels such as A2*. If higher wear re- 
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sistance and compressive yield are re- 
quired, it will be necessary to go to the 
high-carbon high-chromium D2*. Best 
results will be obtained from this steel 
at about Rockwell C56 to 59. Other 
steels, though classed as hot work steels, 
are sometimes used for coining dies and 
punches; for example, Hll*, H12*, 
H20* and H21*. These exhibit fair to 
good wear properties with excellent 
toughness when used at or near their 
full hardness of Rockwell C50 to 54. 
For coining dies having circular grooves, 
beads or thin sections, the last men- 
tioned perform better than the higher- 
carbon steels. : 

Heat Treatment of coining dies is 
included in the article on page 671 of 
the 1948 Metals Handbook. 


Cold Extrusion Dies 


Cold extrusion, one of the most diffi- 
cult operations performed with tool 
steels, is of three principal types: for- 
ward extrusion, combined forward and 
backward extrusion, and backward ex- 
trusion. In the first, a solid slug of 
metal is trapped in a die cavity and 
sufficient pressure exerted to cause the 
metal to flow through an opening in 
the bottom of the cavity, the opening 
having the shape of the desired cross 
section. The punch fits the chamber. 
The second is similar except that suffi- 
cient restriction is obtained by design 
of the die and punch to cause part of 
the metal to flow through the opening 
and part to reverse and flow up and 
around the punch, through the annular 
space between punch and chamber. The 
third is accomplished by causing all the 
metal to flow up and around the punch 
‘or punches, if a double-end reverse 
extrusion is being made). 

For Dies, wear resistance and tough- 
ness to withstand outward pressures are 
most important. Inserted dies are more 
economical than solid dies, and are the 
most commonly used. For die inserts 
where production schedules are low, 
carbon tool steel W1* is satisfactory, 
at Rockwell C61 to 63. These inserts 
give the best performance when fix- 
ture-quenched to harden around the 
hole through the die. For high-produc- 
tion runs, high-chromium die steels 
D2*, A2* and D5 and high speed steels 
M2* and T1* are recommended. These 
are used at hardnesses about the same 
as the carbon steels, or slightly higher 
for the high speed steels. The M2*® and 
T1* high speed steels with lower car- 
bon (0.45 to 0.65°.) than normal are 
sometimes used for greater toughness 
in the insert. 

Die Holders and Backing Blocks are 
very important in an extrusion die and 
must be of sufficient section size and 
strength to support the die insert un- 
der the required extrusion pressures; 
otherwise the insert will split. Holders 
and backing blocks give good service 
when made from nickel-chromium 
Steels such as L6. The holders are usu- 
ally hardened to Rockwell C54 to 56 
and the backing blocks to Rockwell C 
60 to 63. Another steel satisfactory for 
these parts has a nominal composition 
of 0.55°. C, 0.45°% Mn, 0.25% Si, 3.25% 
Ni and 2.50°. Cr; it is melted on spe- 
cial request. 

Extrusion Punches are the most crit- 
ical of all extrusion tools. They must 


resist scoring and metal pick-up and 
must withstand high compressive loads, 
as have 


as well toughness to avoid 


snapping off under pressure or slight 
misalignment. Very little latitude can 
be allowed in the materials for punches 
except on some forward extrusions 
with nonferrous metals, where the pres- 
sures are somewhat lower. The best re- 
sults are obtained with punches of M2* 
high speed steel at Rockwell C 61 to 63. 
As a second choice, Tl*® high speed 
steel is recommended at Rockwell C 60 
to 61. A carbon content of 0.50 to 0.657 
in the tungsten steel is beneficial in 
obtaining the toughness required. 

For some forward extrusions where 
the reduction of area is not great and 
lower pressures are required to push 
the metal through the die, high-carbon 
high-chromium D2* or D5 can be used. 
These have to be at full hardness, 
Rockwell C61 to 62, to resist scoring 
and pick-up. On backward extrusion 
of steel, where metal displacement is 
high, these tool steels will upset and 
swell in the shank. For light forward 
extrusions of steel and for both for- 
ward and backward extrusions of non- 
ferrous metals, the tungsten finishing 
steels, F2 and F3, have been satisfac- 
tory. Rockwell C62 to 64 is recom- 
mended. 

Recently, sintered carbide has been 
used increasingly; it has very high 
compressive strength and excellent re- 
sistance to scoring and metal pick-up. 
Low impact strength is its one major 
disadvantage, but this can be partially 
overcome by designing dies and punches 
to line up more accurately. Die insert 
sleeves of carbide have proved success- 
ful in cold extrusion, especially on dies 
for tapered bolts. 

The carbides recommended for extru- 
sion tools are the high cobalt grades 
(16 to 20° Co). Some suppliers prefer 
to add about 4°% Ta. Hardness is Rock- 
well A 86 to 88. 


Cold Heading Dies 


Probably 90° of the cold heading 
dies can be made from a_ shallow- 
hardening steel such as the water- 
hardening carbon tool steels with or 
without chromium and vanadium: 


W1*, W2*, W3, W4 and W5 


with carbon contents from 0.85 to 
1.10%. 
The requirements of cold heading 


dies include high hardness, to provide 
a reasonable degree of wear resistance, 
but more particularly a very high 
toughness to resist the impact loads 
and high spreading forces encountered 
in service. High toughness means 
either resistance to repeated impact 
loads or capacity for some plastic de- 
flection prior to breakage—thus some 
inherent ductility. 


The stresses at the surface of cold 
heading dies are extremely high and 
approach the yield strength of the 


strongest tool steels. By heat treatment 
to provide a hard case and a softer 
core, compressive stresses remain in 
the hard case that counteract part of 
the tension stresses of service and per- 
mit a higher actual working load be- 
fore failure. The water-hardening tool 
steels perform best for this reason 
Often only the working portions of the 
die will be hardened, by directing a 
water or brine spray at these portions 
during the quench. The surface hard- 


*#Stocked in almost every warehousing 
district and made by the majority of tool 
steel producers, 


ness can thus be kept above Rockwell 
C60 while the core will be C40 to 50, 
and in extremely large dies may be as 
low as C 35. 

Importance of Hardenability. The 
level of compressive stresses introduced 
into the surface of the heat treated die 
is a function mainly of the depth of 
hardening of the die, and thus of the 
hardenability of the steel from which 
the die is made. Cold heading die 
steels should always be purchased to a 
specified hardenability level which has 
proved satisfactory for the specific ap- 
plication, or the application should be 
detailed so that the vendor may select 
the proper hardenability for the size 
and design of the die 

Small cold heading dies of the solid 
type, with the working portion in the 
center and with a maximum outside 
diameter of less than 2 in., can be 
satisfactorily made from a steel having 
a penetration characteristic of 7 to 9 
on a “,-in. round P-F test specimen. 
(See page 418, 1948 Metals Handbook.) 

Large solid cold heading dies, such 
as those used to form wire in the range 
of *, to*. in. diam, and having a maxi- 
mum outside diameter of approximately 
3'» to 4's in. are best made from steels 
having P-F hardenabilities of 10 to 12 
or higher, depending on the application 

Open dies (usually made from squares 
with an impression on several faces) 
are generally made from deeper-hard- 
ening steels than those for solid dies 
for an equivalent wire size. 

If the case is too thin, there will not 
be enough strength to resist the com- 
pressive stresses along the longitudinal 
axis of the die, and the die will sink 
and often crack at the radius near the 
bottom corner of the impression. These 
failures are avoided by raising the 
hardening temperature or selecting a 
deeper-hardening steel, to provide a 
greater case depth. The same princi- 
ples guide in selecting a steel for dies 
for severe extrusion operations. If the 
case is too deep, gross breakage may 
result because of brittleness caused 
partly by the automatic reduction of 
compressive stresses in the surface of 
the hardened case. 

Grain Size and Composition. The se- 
lection between a carbon steel and a 
carbon-vanadium steel depends on 
whether the added grain size protection 


and probably higher fatigue strength 
of the vanadium steel is worth the 
slightly higher cost. Ordinarily steel 


W1* is more readily available with a 
carbon content of 095 to 1.10% and 
W2* with 085 to 1.00) C. Both are 
available in a range of hardenabilities 
by special arrangement, and are com- 
monly available in stock in a medium 
hardenability range As regularly 
stocked, W2®*® is usually shallower- 
hardening than W1*. Steels W3, W4 
and W5 are available for special pur- 
poses. W3, containing high vanadium, 
retains an extremely fine grain up to 
hardening temperatures of 1750 F, and 
the depth of hardening can be varied 
safely over a wide range by adjusting 
this temperature. Steels W4 and W5 
contain chromium for deeper harden- 
ability, useful in large dies or where 
specific performance data have proved 
that such hardenability is required. 
Alloy Steels. Because of their low 
alloy content, the wear resistance of 
carbon tool steels is distinctly limited, 
even at the maximum allowable hard- 


nesses of Rockwell C62 to 64. More 
highly alloyed steels have the disad- 
vantage of deeper hardening, so that 
advantage can no longer be taken of 
the case-and-core effect. Such deep- 
hardening steels as A2*®, D2*®, 
M1 and M2* can therefore be utilized 
only where the stresses imposed are 
light, where overloads are not apt to 
be encountered, or where high stresses 
are tolerated only because of special 
die designs. In only a very few in- 
stances can such steels be employed as 
solid cold heading dies, unsupported by 


die holders. These usually are for 
heading long runs of small wire in 
dies generally not over 2-in. outside 


diameter. 

When parts of intricate design must 
be cold formed and where the produc- 
tion must be high, then these steels 
are applicable in the form of inserts 
which are suitably shrunk or fastened 
into a holder, quite commonly made 
from a steel similar to H11*® or H12*, 
to provide the necessary support. The 
holder steel is frequently treated to’ 
Rockwell C48 to 50. It is, of course, 
important that the insert be fitted 
carefully into this holder by pressing 
or shrinking; otherwise, cracking in 
service will result. The choice between 
these various alloy steels depends on 
the wear resistance and life desired. 
Steel A2*® would be of general appli- 
cation for medium life, whereas the 
high-carbon high-chromium D2* or 
the high speed steels would be used for 
maximum life. These are only several 
of the possibilities; any deep-hardening 
cold work die steel is usable. 


Heat Treatment of cold heading dies 


is discussed on page 672 of the 1948 
Metals Handbook. 
Thread-Rolling Dies 
A thread-rolling die must be hard 
enough to withstand the forces in 
forming the thread, and must have 
wear resistance and sufficient tough- 


ness to adjust to stresses developed 
These dies usually fail by spalling and 
breaking down of the thread crests, 
which roughens the minor diameter 
and makes the product unusable. Fail- 
ure is probably caused by fatigue 
stresses resulting from slight die mis- 
alignments and by spring in the ma- 
chine. Best product and maximum die 
life can be obtained only when the dies 
are properly set up and when the cor- 
rect die speed and number of blank 
revolutions are used for the material 
being worked. These factors may be as 
ithportant in die life as the specific 
steel chosen for the dies. 

The steels most commonly used for 
thread-rolling dies are 


A2*, D2*®, M2* and T1*. 


Other high-carbon high-chromium 
steels are used less often than D2. 
Both the high-carbon high-chromium 
steels and the medium-alloy A2*® are 
widely used for general work. The 
high speed steels are for the most dif- 
ficult jobs, long runs, threading of heat 
treated stock, and particularly for cir- 
cular dies. Some manufacturers of 
high speed steel thread-rolling dies 
prefer to use M2 with 0.75% C and T1 
with 0.60% C ‘about 0.10% less than 
the typical carbon contents for these 
steels) to secure greater toughness with 
still adequate hardness. The steel cho- 
sen should be well annealed and have 


as uniform a carbide distribution as 
obtainable for the bar size and com- 
position 

Size Change During Hardening. “Cut” 
dies are not machined after hardening 
and must have a predictable or mini- 
mum size change in hardening. It 
may be necessary to compensate for 
this change when milling the form 
The high-carbon high-chromium D 
steels and the medium-alloy A2*® show 
the least size change. The air-hard- 
ening D2*® and A2® have less tendency 
to “bulge” in hardening, causing a 
“rock” in flat dies, than do oil-harden- 
ing tool steels. If the dies are form 
ground after hardening, size change is 
of less importance. 

Ease of Machining. ‘The hobs used to 
mill the form on thread-rolling dies 
are expensive tools, so easy-machining 
die stock is desirable. The high-carbon 
high-chromium D steels are the most 
difficult to machine or grind, the 2.25": 
C steels being a little more difficult 
than those with 1.50% C. The high 
speed steels Tl*® and M2*® are easier 
to mill and may be ground with less 
hazard The medium-alloy A2*® is 
easiest to machine 

Abrasion Resistance and Toughness. 
All the steels listed have good resist- 
ance to abrasive wear The high- 
carbon high-chromium steels are the 
best, followed by the high speed steels 
and then the medium-alloy. The 2.25% 
C grades of high-carbon high-chro- 
mium (D3*, D4*® and D6) have better 
wear resistance than the 150° C D2® 
and D5. Toughness is in about reverse 
order. 

Machining. All decarburization and 
surface defects should first be removed 
from the stock, not only on the work- 
ing face, but on all other surfaces as 
well; otherwise, the dies will crack or 
warp in hardening. Feeds and speed: 
in milling should be chosen to give the 
smoothest possible finish. If dies are 
ground after hardening, care must be 
taken to prevent burning, with result- 
ant softening or cracking. 

Hardening. The available hardening 
equipment may affect the choice of 
steel. High speed steels require tem- 
peratures of 2150 to 2300 F with either 
good atmosphere control or a salt bath 
The high-carbon high-chromium steels 
require 1750 to 1900 F with controlled 
atmosphere or pack hardening. The 
A2 type is hardened from 1750 to 1800 F 
with similar surface protection. Hard- 
ening and tempering treatments are 
discussed on page 673 of the 1948 Metals 
Handbook. 


Gages 

Gages are hand tools used to measure 
the dimensions of parts or other tools 
They vary from simple length bar gages 
for measuring rough forgings to highly 
polished and lapped gage block 
pable of measuring to millionths of an 
inch. All have one feature in common 

they are used at room temperature 
or, if used in measuring hot parts, the 
period of contact is so brief that the 
gage size is not affected by the elevated 
temperature 

Solid Gages of Simple Design include 
gage blocks, length, bar and pin gages 


cCa- 


and some plug, ring, feeler and height 
vawe For all of these the steel pre- 
ferred is 
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Tool Steel Selection 


which provides the necessary wear re- 
sistance on gaging surfaces at low cost, 
with good machinability and simplicity 
of heat treatment. Steels 


L3, W2*, W5, O2 and O6 


at slightly higher initial cost perform 
as well as W1l* and are recommended 
as alternates in the order listed. 

Surface hardness should be Rockwell 
C63 to 65 ‘except for feeler gages, 
which should be C45 to 50, obtained 
by tempering at a higher temperature 
than shown in Table IX). 


Table IX. Hardening and Tempering 
Treatments for Steel Gages 


Hardening 
Tempera 
ture,'*’ 


Tempering 
Temperature, 


Steel dey Fahr deg Fahr 
Wik 1450 to 1500 350 
W2. 1450 to 1500 350 
W5 1425 to 1475 350 
O2 1425 to 1450 325 
O68 1475 to 1525 325 
1825 to 1850 400 
Din 1850 to 1875 450 
D5 18625 to 1850 400 
1500 to 1525 325 
135'"' 1700 to 1750 1250 


(a) Steels D2, D4 and D5 should be pre- 
heated at 1450 F. Preheating ts not required 
for the other steels 

(b) Quenching Mediums: For W1, W2 and 
W5—brine or water; O2, O6, L3 and 135 
oil; D2 and D5— air; D4-—air or oil 

(c) Nitralloy 135 Modified -After harden- 
ing and tempering as indicated, and after 
finishing, including lapping, the gage ts ni- 
trided in ammonia for 12 to 20 hr at 980 F, 
to give a case hardness in the range of 900 
to 1000 Vickers 


Gages of More Complex Design, such 
as ring, countersink and snap gages, 
which may crack or distort in heat 
treatment if made from W1*, can be 
made safely and with necessary prop- 
erties from 

L3, O6, O2 and D2* 


if carefully heat treated. (Again, steels 
are listed in the order of preference.) 

Master Gages, Master Gears and Male 
Spline Gages require high accuracy and 
resistance to wear trom frequent usage 
in checking other gages over long pe- 
riods of time. This requirement plus 
the necessity that shrinkage in heat 
treatment be held to a minimum can 
safely be met by the higher-alloy steels 
like 

D2*, D5 and D4. - 


These steels are more expensive in ini- 
tial cost and in processing, especially 
in the time consumed in lapping to 
size. Where some sacrifice in wearing 
properties can be tolerated, 


O2 and O6 


can be substituted with little 
shrinkage. 

Male and Female Thread Gages, male 
spline gages with small delicate splines, 
and small ring gages require safety in 
hardening, freedom from grinding 


risk of 


checks in the teeth and thin sections, 
as well as low distortion in heat treat- 
These properties are best ob- 


ment. 


METAL PROGRESS; PAGE 32 


tained with the high-manganese oil- 
hardening steel 


O2 


This steel wears well but is inferior in 
this respect to 


D2*, O6 and L3 


which should be selected when some of 
the above requirements are outweighed 
by the necessity for long life. 

Female Spline and Female Thread 
Ring Gages are among the most expen- 
sive to manufacture because of the 
hand lapping time required to bring 
them to tolerances. (Internal 
grinding is impractical.) These gages 
require accuracy and long wear life, a 
combination that can be obtained with 
the high-carbon high-chromium steels 
such as D2*®. However, the cost of 
hand lapping them is very high and 
wear resistance is sometimes sacrificed 
for better-working steels like O6 or O2. 

Such a compromise can be avoided 
and excellent wear properties obtained 
with a minimum of lapping time by a 
modified Nitralloy 135 (042°) C, 1.60% 
Cr, 037°: Mo and 1.0% Al), normal- 
ized, quenched and tempered to about 
320 Brinell, completely finished (includ- 
ing lapping of the gage) and then ni- 
trided. As such a gage is useless when 
it is worn more than a few tenths of 
a thousandth, a light case will suffice, 
sometimes that obtainable in a 12-hr 
nitriding cycle. Any dimensional change 
during nitriding will be a slight growth; 
light polishing will restore the original 
lapped size. 

Combination Gages are made up of 
several different materials but the com- 
monly used ones are cast iron for 
frames, bodies and bases, aluminum 
for handles, bodies and bases, and tool 
steel and carbides for inserted gaging 
members or wear pieces. The iron is 
generally a gray iron of 20,000 to 
35,000 psi tensile strength, equivalent 
to SAE 110, 111 or 120 or ASTM Class 
20, 30 or 35. Hardness is 187 to 241 
Brinell. Large castings are usually 
stress relieved at 850 to 900 F. 

Aluminum handles for plug gages, 
male thread gages and ring gage bodies 


may be either the soft 2S or 3S or 
stronger alloys such as 24S or 17S. 
Light weight reduces fatigue of in- 


spectors of production parts. 

Bases are sometimes cast from Al-Si 
or Al-Si-Cu alloys, rather than cast 
iron, on large gages where dimensions 
are not held too closely, such as gages 
to check automobile body dimensions, 
window openings and the like. Alumi- 
hum is not suitable for precision gages 
because of its high thermal expansion 

The steel used in combination gages 
for gaging members and wear surfaces 
requires the same properties as in the 
solid steel gages discussed above, and 
selection should be made accordingly. 
Combination gages may have a slight 
advantage where a flat or simple shape 
can be used for an insert rather than 
a curved or box-shaped piece with cut- 
outs that cause stress raisers and haz- 
ards in quenching. In these instances 
a less costly steel may be applicable. 
The other advantage is cost savings 
through the use of less tool steel. 

Sintered carbides are being used in- 
creasingly for wear inserts. Ring gages 

*#Stocked in almost every wareheusing 


district and made by the majority of tool 
steel producers 


are being made with a carbide ring 
shrunk in a steel or aluminum holder. 
Gage blocks are being produced from 
carbide to extremely close tolerances. 
In using carbide gage blocks in vary- 
ing temperatures to gage steel parts it 
is often necessary to use a correction 
factor because of the difference in co- 
efficient of expansion between steel and 
carbide. Any of the commercial grades 
of carbide give superior wear life when 
used as inserts or gage blocks. 

Heat Treatments for gages made of 
tool] steel are summarized in Table IX. 


Plastic Molds 


Some molds are shaped by hubbing, 
some by machining, and others by a 
combination of the two. Steels for 
each of these applications, as well as 
for master hubs, are listed in Table X. 


Table X. Mold and Hub Steels 
Maximum 
Hardness 
(annealed), 
Application Steel Bhn 
Hubbing molds ..P1 90 
Hubbing molds 
and cut molds. .P2, P4 110 
P3 131 
P5 100 
Ol®, 201 
Hll®, H26 229 


Cut molds and 
master hubs H1l2%, A2®, D2 229 
Master hubs -Six, 229 
H25 241 


Hubbed Molds. Steel P1 is excellent 
for hubbing because of the low hard- 
ness when annealed. It also work 
hardens slowly while the master hub 
is being forced into the soft blank. 
Molds of this steel are carburized and 
then water or brine quenched to Rock- 
well C58 to 64 on the surface. This 
steel has very low hardenability, hence 
extreme care — usually involving the 
use of jets in the cavity during quench- 
ing —is required to obtain uniform 
hardening. Because of the distortion 
that accompanies water hardening and 
the low core strength, molds from this 
steel are usually limited to large- 
tolerance, short-life applications re- 
quiring medium-sized cavities with low 
molding temperatures and pressures. 

Steels P4 and P5 are slightly more 
difficult to hub than P1 but the chro- 
mium content (5.000 and 2.25%, re- 
spectively) increases hardenability and 
permits oil hardening of P5 and air 
hardening of P4 after carburizing 
The core is harder, and molds made 
from P5 are suitable for medium-life 
applications requiring medium mold 
temperatures and pressures. Steel P4 
is the more difficult to hub, but the 
additional core hardness and lower 
distortion. in hardening recommend it 
for higher mold temperatures and pres- 
sures and for complex, close-tolerance 
parts. 

Steels P2 and P3 are still more diffi- 
cult to hub, primarily because the 
nickel content (0.50 and 1.25°., respec- 
tively) increases the rate of work 
hardening. The nickel decreases notch 
sensitivity. These steels harden in oil 
after carburizing and are used for 
medium-sized cavities with medium 
molding temperatures and pressures. 
Often a combination of hubbing and 
machining is used for molds from 
steels P2, P3, P4 and P5. 
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Cut Molds. Stee! P20 is recommended 
for applications which require high 
molding pressures and medium tem- 
peratures; hubbing is not recommended 
because of the high carbon content 
(0.30°.). This grade is usually carbu- 
rized and oil quenched to Rockwell 
C 60 to 62 on the surface. Core hard- 
ness will vary from C 30 to 50, depend- 
ing on section size 

Steels Ol*® and O2 are oil-hardening 
grades used for machined molds which 
will withstand medium temperatures 
and high molding pressures. They 
have high abrasion resistance but are 
low in ductility and notch toughness. 

Steels H1l*® and H12*® are used for 
applications that require good notch 
toughness, high molding temperatures 
and pressures, medium wear resistance 
and accuracy in hardening. They can 
be hardened in oil or air to Rockwell 
C 52 to 58 

Steel H26 is a low-carbon high speed 
steel and is used for very high temper- 
ature applications such as molding or 
extruding fluoride-base plastics at 600 
to 750F. Because of the high cost of 
steel, machining, grinding and polish- 
ing, H26 is used only for special appli- 
cations where the mold life must be 
extremely long 

Steels A2*® and D2* are air-harden- 
ing grades, employed for molding high- 
ly abrasive materials requiring high 
molding temperatures and _ pressures. 
D2* has the better strength and abra- 
sion resistance. The notch toughness 
of both is quite low; they are difficult 
to machine, grind and finish but the 
accuracy obtained after hardening 
minimizes the amount of finishing 
required. Because of the high cost of 
making molds from these steels, they 
are usually employed only for ex- 
tremely long runs 

In recent years there has been in- 
creasing use of vinyl-base plastics 
which break down at the relatively 
high molding temperatures to release 
hydrochloric acid; resulting corrosion 
has been minimized by chromium plat- 
ing the molds. Since chromium plating 
also minimizes stripping § difficulties, 
many molds are hard chromium plated 
even when used to mold noncorrosive 
plastics. Steel D2* is often so plated 
and used for corrosive plastics; for low- 
activity applications of this type, chro- 
mium plated type 420 stainless steel is 
often used 

Master Hubs. Steels A2*® and D2* are 
also used to make master hubs for 
impressing steels P1, P2, P3, P4 and P5. 
Their high hardness and abrasion re- 
sistance recommend them for high- 
activity hubs where notch toughness is 
not a requirement 

Where notch toughness is required, 
Sl*, S4*, H12* or H25 should be used. 
Steels Sl*® and S4* are oil quenched 
after carburizing. Surface hardness of 
Rockwell C60 to 63 gives good wear 
resistance, and the compressive strength 
of the core is sufficient to withstand 
hubbing 

Steels H12® and H25 are used for 
high-temperature hubbing applications. 
One specialized process pressure 
casting of beryllium copper over a 
master hub; hot work grades H12*® and 
H25 withstand the heat with a mini- 
mum of heat checking and have ade- 
quate red hardness to resist softening. 

Heat Treatments for molds and hubs 
are discussed on page 675 of the 1948 
Metals Handbook. 


Die-Casting Dies and 
Permanent Molds 


The selection of a material for die- 
casting dies or permanent molds de- 
pends primarily on the casting tem- 
perature of the alloy being cast. 

Of the many steels that are used, 
the following have found principal 
commercial application: 


L2, 14, P20, 
H11*, H12*, H13, H20*, H21* and H23. 


Gray cast iron, 1020 and 1045 carbon 
steels, Nitralloy G and type 410 stain- 
less steel are typical of some other ma- 
terials used. 

When casting zinc, lead or tin alloys 
the operating temperatures are rela- 
tively low, and for short runs carbon 
steels can be employed without heat 
treatment. For large dies or for long 
runs, steels L2, L6 or P20 may be 
utilized. Their alloy content provides 
hardenability to resist higher operating 
pressures and often permits heat treat- 
ment of the finished dies, or of the 
blocks from which the dies are ma- 
chined, by a simple normalizing ‘air 
cooling) and tempering operation. 

A hardness of about 275 to 325 
Brinell is quite common in these ap- 
plications and sometimes free-machin- 
ing modifications of the steels are se- 
lected. For extremely long runs on the 
alloys of higher melting point in this 
general group, these steels may be 
heat treated to slightly higher hard- 
nesses, up to about 450 Brinell 

Gray cast iron is used for permanent 
molds with these low-melting alloys 

For aluminum and magnesium alloys, 
heat treated alloy tool steels are re- 
quired, the most popular being H11*, 
H12* and H13. After machining, these 
steels may be hardened by air cooling 
with little or no distortion. They have 


excellent resistance to heat checking 
and service failures when heat treated 
to Rockwell C 43 to 48 

The same alloys are satisfactory for 
gravity casting of copper alloys, but 
for maximum life H20*, H21*® or H23 
should be used Steel H23 has ex- 
tremely high resistance to softening 
and is probably the most satisfactory 
steel for gravity casting of copper 
alloys 

Die casting of copper alloys requires 
special steels and heat treatment pro- 
cedures, with H20*®, H21*® and H23 be- 
ing applicable. Modifications of these 
compositions have been specifically 
designed 

Die-casting dies used for aluminum 
or copper are water cooled in service 
and should be preheated ‘usually to 
about 350F) before starting a run 
The water cooling can be more severe 
and intermittent on steels H11*®, H12® 
and H13, but must be extremely care- 
fully applied to H20*, H21*® and H23. 
Preheating should be done with water 
flowing slowly through the die, to pre- 
vent serious damage from the intro- 
duction of cold water into a hot die 

Nitrided Nitralloy G is employed for 
special applications of die-casting dies 
where moving parts, such as cores and 
slides, require added surface wear re- 
sistance. Resistance to heat checking 
is usually less than in steels such as 

Type 410 stainless steel is utilized for 
permanent molds for casting a variety 
of nonferrous alloys 

Heat Treatment. Stee! H23 is hard- 
ened by quenching from 2100 to 2350 F 
in oil or molten salt. It is tempered 
at 1200 to 1500 to Rockwell C 47 to 30. 


Heat treatments for the other steels 
mentioned are given on page 673 in 
the 1948 Handbook. 

*#Stocked in almost every warehousing 


district and made by the majority of tool 


steel producers 


The Heat Treatment of Tool Steels 


A GUIDE TO THE 1948 SECTION 


The heat treatment of tool steels has 
been largely omitted from this article 
because the extensive coverage on that 
subject in the 1948 Metals Handbook 
remains essentially accurate in 1954. 

The 1948 Handbook section on tool 
steels begins on page 653 with a gen- 
eral discussion of heat treating and 
forging of tool steels, which includes a 
tanle (page 657) of forging, normaliz- 
ing and annealing instructions for the 
56 principal types of steel considered in 
the 1948 edition 

Following that summary table, the 
1948 section discusses, in separate arti- 
cles, the heat treatment of three major 
classes of tool steel: 

Carbon tool steel 
“Nondeforming” tool steel 
Shock-resisting tool steel. 

The remainder of the 1948 section 
consists of ten articles on the heat 
treatment of specific tools: 

High speed steel cutting tools 

Die blocks and hot die inserts 

Hot forging machine tools 

Hot and cold trimming tools 

Solid shear blades 

Press tools for cold shearing, blank- 
ing, punching, forming and coining 


Cold heading dies 
Thread-rolling dies 
Die-casting dies and permanent 


molds 
Plastic molds 
Working hardnesses for these ten 


types of tools are given; also, detailed 
information on preheating, hardening, 
and tempering to produce that opti- 
mum hardness in the particular tool is 
tabulated in each article. 

Additional information on heat treat- 
ment of tool steels is presented else- 
where in the 1948 book: An extensive 
discussion on the heat treatment of 
high speed steel tools in molten salt 
appears on pages 286 to 288; harden- 
ability testing of tool steels and other 
tests relating to hardening are dis- 
cussed on pages 418 and 419, in the ar- 
ticle on Physical and Mechanical Test- 
ing of Tool Steel 


Heat treating information has been 
included in this Supplement for the 
following items: gages (page 31), tools 


for hot extrusion (page 26), and tools 
for cold drawing (page 27)—none of 
which were included in the 1948 Metals 
Handbook 
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Stainless Steels 


By the ASM Committee on Stainless Steel 


THIS ARTICLE supersedes the one 
on pages 553 to 556 of the 1948 ASM 
Metals Handbook and supplements the 
other five articles on-stainless or cor- 
rosion-resistant alloys in that same 
section. 


Wrought Alloys 


Production exceeded one million net 
tons of ingots for the first time in 1953. 
Trends during the past 20 years for 
total stainless steel ingots and for 
various groups and individual types 
are shown in Fig. 1. 

For several years the straight-chro- 
mium type 430 (17% Cr) has been the 
leader on a tonnage basis, and in 1953 
its production was 96% as great as 
that of all the austenitic types com- 
bined. This high production was 
caused largely by the demands of the 
automotive industry. In addition, it 
was influenced by a period of nickel 
shortage when the austenitic types 
were restricted to more critical appli- 
cations. 

Austenitic Stainless Steels contain 
chromium and nickel proportions 
that usually result in a single phase, 
austenite. Composition limits of the 
Standard AISI steels are given in Ta- 
ble I; mechanical properties of the an- 


Table I. 


Mn Si 


—Composition, 


nealed steels, in Table II. General 
characteristics and uses are as follows: 

Type 301 has the lowest nickel con- 
tent of the austenitic types. Low nickel 
results in high strength after cold 
working. The steel is used in light- 
weight high-strength construction; 
structural members are cold fabricated 
from “%-hard or ':-hard* sheet and 
strip; cold working during fabrication 
further increases strength and hard- 
ness. Type 301 is also used in the soft 
condition in automotive and architec- 
tural trim. Table III shows the prop- 
erties developed in types 301 and 302 
strip by various amounts of cold roll- 
ing. Other austenitic types can be 
cold rolled to increase the strength but 
only 301 and 302 are widely used in 
that condition—for example, for rail- 
road passenger coaches, truck trailers 
and aircraft parts. These two steels 
may be welded if not subject to severe 
corrosive service 

Type 302 has higher nickel, which 
makes the austenite more stable than 
in type 301; it work hardens at a 
lower rate to lower strength properties. 
This permits more severe forming dur- 
ing fabrication. Type 302 is used in 
food processing, dairy and _ kitchen 
equipment, flatware and architecture, 
as well as in light-weight structures. 


Composition Limits of Wrought Stainless and Heat-Resisting Steels (AISI) 


AISI 
Type ts (max) (max) Cr Ni Other™ 
Austenitic Steels 
301. 0.08 to 0.20 2.00 1.00 16.00 to 18.00 6.00 to 8.00 
302 0.08t00.20 2.00 1.00 17.00 to 19.00 8.00 to 10.00 
302B 0.08 100.20 200 200t0300 17.00 to 19.00 8.00 to 10.00 
303 0.15 max 2.00 1.00 17.00 to 19.00 8.00 to 10.00 (b) 
304 0.08 max 2.00 1.00 18.00 to 20.00 8.00 to 11.00 
304L, 0.03 max 2.00 1.00 18.00 to 20.00 8.00 to 11.00 
305 0 12 max 2.00 1.00 17.00 to 19.00 10.00 to 13.00 
308 0.08 max 2.00 1.00 19.00 to 21.00 10.00 to 12.00 
309 0.20 max 2.00 1.00 22.00 to 24.00 12.00 to 15.00 
3409S 0.08 max 2.00 1.00 22.00 to 24.00 12.00 to 15.00 
310 0.25 max 2.00 1.50 24.00 to 26.00 19.00 to 22.00 
310S 0.08 max 2.00 1.50 24.00 to 26.00 19.00 to 22.00 
314 0.25 max 200 150to 3.00 23.00 to 26.00 19.00 to 22.00 ver 
316 0.10 max 2.00 1.00 16.00 to 18.00 = 10.00 to 14.00 Mo2.00 to 3.00 
SIGL 0.03 max 2.00 1.00 16.00 to 18.00 1000101400 Mo 1.75 to 2.50 
317 0.10 max 2.00 1.00 18.00 to 20.00 11.00 to 14.00 Mo 3.00 to 4.00 
321 0.08 max 2.00 1.00 17.00 to 19.00 6.00 to 11.00 Ti5xC min 
347 0.08 max 2.00 1.00 17.00 to 19.00 9.00 to 1200 Cbh10xC min 
Martensitic Steels 
403 0.15 max 1.00 0.50 11.50 to 13.00 
410 0.15 max 1.00 1.00 11.50 to 13.50 aaee 
416 0.15 max 1.25 1.00 12.00 to 14.00 (c) 
420 . 015 min 1.00 1.00 12.00 to 14.00 earch 
431 0.20 max 1.00 1.00 15.00 to 17.00 1.25 to 2.50 anne 
440A 06010075 1.00 1.00 16.00 to 18.00 tne Mo 0.75 max 
440B 0.75 to 0.95 1.00 1.00 16.00 to 18.00 Mo 0.75 max 
440C 095to120 100 1.00 16.00 to 18.00 Mo 0.75 max 
501 0.10 min 1.00 1.00 4.00 to 6.00 
0.10 max 1.00 1.00 4.00 to 6.00 
Ferritic Steels 
405 0.08 max 1.00 1.00 11.50 to 13.50 Al 0.10 to 0.30 
430 0.12 max 1.60 1.00 14.00 to 18.00 mae 
430F 0.12 max 1.25 1.00 14.00 to 18.00 fc) 
446 0.35 max 1.50 1.00 23.00 to 27.00 N 0.25 max 
(a) Other elements are as follows: 


(b) Austenitic Steels. Phosphorus is 0.045% max and sulfur is 0.030% max, except for 


type 303, in which phosphorus or sulfur or selenium is 0.07% 


molybdenum max 
(c) Martensitic Steels. 


Phosphorus is 0.040 


min, with zirconium or 


max and sulfur is 0.030% max, except 


for types 416 and 430F, in which phosphorus or selenium is 0.07% min, with zirconium or 


molybdenum 0.60° max 
extensive use 
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Type 414 has been omitted from this article because of lack of 


The 302B modification has 2 to 3% Si 
to increase oxidation resistance ht ele- 
vated temperature. 

Type 303 is the free-machining aus- 
tenitic steel. Machinability is im- 
proved by phosphorus, sulfur or sele- 
nium; zirconium or molybdenum is 
sometimes added also. It is available 
as rod and wire for high-production 
screw-machine work and cold heading. 
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not be welded if 
required 


Type 303 should 
strength and toughness are 
of the weld; 

Type 304éis used in chemical equip- 
ment requiring welded fabrication. 
The steel has lower carbon than 301 
and 302, making welding less of a 
hazard to corrosion resistance at the 
joints. However, heating between 800 
and 1500F ‘(as in welding or stress 
relieving) makes the steel susceptible 
to intergranular attack in the heated 
areas when subsequently exposed to 
strongly corrosive mediums. Type 304 
resists oxidizing mediums better than 
reducing mediums, as the latter tend 
to destroy surface passivity. The 304L 
modification has carbon limited to 
0.03°2. Lowering the carbon to this 
level renders the steel virtually im- 
mune to intergranular corrosion, for 
service below 800F, after welding or 
stress relieving 

Type 305 has higher nickel than 302, 
which provides a low rate of work 
hardening favorable to severe cold 
forming such as spinning 

Type 308, similar to 305 but lower in 
carbon, is used as welding rods for 301, 
302, 304 and several of the ferritic and 
martensitic stainless steels. 

Type 309 contains more chromium 
and nickel (23-13) than the foregoing 
types (17-7 to 20-11) and has greater 


Supersedes the article on pages 
553 to 556 of the 1948 ASM 
Metals Handbook and supple- 
ments the rest of that section 


Table Il. Nominal Mechanical Proper- 
ties of Wrought Stainless and Heat- 
Resisting Steels in the Annealed 
Condition (AISI) 


All of the austenitic steels have Izod 
80 to 120 ft-lb, reduc- 
Brinell hardness 135 


impact strength fron 
tion of area 50 to 70 


Types 309S and 310S have 
similar to 309 and 310 

For data on reduction of area, hard- 
ness and Izod impact 


impact strength 
Rockwell B70 to 90 


10 


Total Stainless Stee! 


Stainless 


¥Straight Chromium Stainless 


Thousands of Short Tons 


500! Total Austenitic Stainiess 
Total 400 Series 
300 ‘Straight Chromium 1 
6200 Total Types 30/ through 
308 
= 
30% po 
2 
10 Total Types 
+ 309 and 3/0 
7} 
1942 1946 /950 1954 1942 (946 /950 /954 


Fig. 1. Production of Stainless Steel 
Ingots (AISI). Top: total production 
of stainless ingots and breakdown 
into austenitic and straight-chro- 
mium groups from 1934, when total 
production was just over 60,000 tons, 
to 1953, when production exceeded 
1,000,000 tons for the first time. 
Center: total production of straight- 
chromium and austenitic stainless 
steel ingots and production of the 
most used standard grades during 
the period 1942 to 1953. Right: 
production of three special-purpose 3 


Type 347.1 


Effect of Cold Rolling on Types 301 and 302 Austenitic Stainless Steels'"’ 


~Tension Compression 


Yield Tensile Elongation Rockwell Yield Buckling 
Strength,” Strength, in 2in., Hardness Strength,” Strength, 
psi psi % Number psi psi 


Type 301 Stainless Steel 
33.000 117,800 68 Bas 40,000 57 800 
33,000 113,500 62 44,000 57,400 
67.000 147,600 47 C 32 54,000 89.400 
72.000 147,100 36 61,000 97,700 
127.000 165.200 24 C 38 96 000 151,400 
124,000 170,500 143,000 172,200 
164,000 196,000 15 Cc 43 139,000 184,500 
138,000 201,000 185,000 214,300 
200,000 225,000 7 C 46 163.000 218.000 
176,000 234,000 7 230,000 250,000 


reported by Russell Franks and W. O. Binder, 


Type 302 Stainless Steel 
36.000 94,000 61 B 80 36,000 5.250 
34,000 93,700 61 $6,000 50,000 
121,000 139,300 22 C 29 74,000 120,400 
113,000 138,500 121,000 145,000 
131,000 155.300 15 C 36 95,000 15 

130,000 166,200 ll 148,000 143,110 


151,000 177,400 6 C 38 99 000 155,200 
147,000 189,200 8 166,000 166,700 


results of specific individual tests on strip (b) 02% offset. In testing, sufficient time was allowed after 
the application of each increment of load to permit the strain to 


be measured accurately 


austenitic types from 1942 to 1953. 19420 1946 ‘1950 
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Tensile Yield gation 300 4 INS ; 
AISI Strength, Strength, in 
| | 
Austenitic Steels 
x 
301 105.000 40.000 55 100 + ; 
302B 90 000 40.000 50 70 | | 
304L, 75.000 28,000 50 x 
305 85.000 35,000 55 30 ] 
309"! 95 000 40,000 45 1934 1938 (942 
310"' 95.000 45,000 
314 100,000 50.000 45 
316 85.000 35.000 55 
316L 75.000 32,000 50 
317 85,000 40,000 
321 85.000 30.000 55 
347 90,000 35,000 50 
Martensitic Steels’ : 
403 75,000 40,000 35 
410 70.000 35,000 30 
416 75.000 40,000 30 
420 95.000 50,000 25 
431 125,000 95.000 20 
440A 105.000 60.000 20 
440B 107,000 62.000 18 
440C 110,000 65.000 14 
501 70.000 30,000 28 
502 65,000 25,000 30 
Ferritic Steels” 
405 65.000 40,000 30 
450 75.000 40.000 30 
OF 80,000 55.000 25 
446 85,000 55.000 25 
(a) 
| 
\ | 
Type 3/6 
tensitic steel ee Table V 4 Ny 
id) With the exception of type 405, the 
annealed ferritic steels do not have high ; 
Cold 
Reduction, Condition Direction 
‘ of Metal to Rolling 
0 Annealed Longitudinal 
0 Annealed Transverse 
10 Cold rolled Longitudinal 
10 Cold rolled Transverse 
25 Cold rolled Longitudinal 
25 Cold rolled Transverse 
35 Cold rolled Longitudinal 
35 Cold rolled Transverse 
45 Cold rolled Longitudinal 
45 Cold rolled Transverse 
0 Annealed Longitudinal 
0 Annealed Transverse 
20 Cold rolled Longitudinal 
20 Cold rolled Transverse 
35 Cold rolled Longitudinal . 
35 Cold rolled Transverse 
50 Cold rolled Longitudinal 
a) Cold rolled Transverse 
0.035 in. thick, as 
J Aeronautical Sci, Sept 1942 ee 


Property 301 
Modulus of elasticity in tension, psi 28,000, ,000'" 
Modulus of elasticity in torsion, psi 12,500,000'"" 
Density..... Ib per cu in 0.29 

g per cu em 79 
Specific electrical resistance at room 

termperature, microhm-em 72 

Magnetic ( Annealed 


permeability 10% cold worked 
Severely cold worked 
Specific heat, Btu lb deg Fahr 


(32 to 212 F) rerirrry 0.12 
212F... 94 
Thermal conductivity, 4 
Btu/hr sq ft/ft/deg Fahr | 752 F 
932 F 12.4 


32to 212F 
00000094 
32to 572F 
(AISI, 600 F) 00000095 
32to 932 F 
(AISI, 1000 F) 0.0000101 
32to1ll2F 
| (AISI, 1200F) 0.0000104 
| 32 to 1832 F 
(AISI, 1800 F) 
Maximum temperature without 
excessive scaling, deg Fahr 


( 

Mean coefficient of 

thermal expansion 
per deg Fahr 


Melting range, deg Fahr 2550 to 2590 
(Initial temperature, 
F tice) de® Fahr ........ 2100 to 2300 
actice 
Final temperature 

deg Fahr . 1700 to 1750 

Annealing temperature, deg Fahr _ Cool rapidly 
from 1850 to 

2050 


Low anneal 
Full anneal 
Maximum cold reduction of wire 
Riveting and hot forming 
temperatures, deg Fahr 
Stress relieving, deg Fahr 400 to 750 


Property 501 
Modulus of elasticity in tension, psi 29,000,000 
Modulus of elasticity in torsion, psi 


Density....../ per cu in. .......... 0.28 
Specific electrical resistance at room 


temperature, microhm-cem 40 
Magnetic Ferro- 
permeability magnetic 
Specific heat, Btu Ib deg Fahr 
(32 to 212 F) O11 
2127 .... 21.2 
Thermal conductivity, 392 F 
Btu hr sq ft ft/deg Fahr 572 F 
752 F 
| 932 F 19.5 
32to 212F ... 00000062 
Mean coefficient of 32to 600 F 0 0000068 
thermal expansion / 32 to 1000 F 0 0000072 
per deg Faht ..}32to01200F ... 0 0000073 


32 to 1832 F 
Maximum temperature without 
excessive scaling, deg Fahr 


Melting range, deg Faht ea 2700 to 2800 
(Initial temperature, 
deg Fah 2100 to 2200 


Forging practice | Final temperature, 
deg Fahr 
Method of cooling Retarded cool 


( Cool from 
Low anneal 1325 to 1375 
Annealing tempera- ; 4 


tures, deg Fahr Slow cool 


| Full anneal from 1525 to 
1600 
Hardening temperature, deg Fahr .. Rapid cool 
from 1600 to 
1700 
Maximum cold reduction of wire 
before anneal, 
Riveting and hot forming 
temperatures, deg Fahr 


302 


28.000, 
12,500,000'" 
0.29 
79 
72 
1.003 


1.10 
10.0 


0.12 
94 
10.2 
109 
11.6 
124 
0 0000096 
00000099 
0.0000102 
0.0000104 
0.0000112 


1650 
2550 to 2590 


2100 to 2300 
1700 to 1750 
Cool rapidly 


from 1850 to 
2050 


80 


1900 to 2100 
400 to 750 


502 
29,000,000 


0.28 
78 


40 
Ferro- 
magnetic 


0.11 
21.2 
20.8 
20.4 
19.8 
19.5 
0.0000062 
0.0000068 
0.0000072 
0.0000073 


1150 
2700 to 2800 


2100 to 2200 


1500 to 1600 
Slow cool 
Cool from 
1325 to 1375 


Slow cool 
from 1525 to 
1600 
Rapid cool 
from 1600 to 
1700 


75 


Below 1450 


(a) Type 301 is used in the cold-worked condition for light- 
weight high-strength structures. As cold worked, the modulus in 


tension is lowered. By stress-relief treatment this value may 
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be 


302B 
28,000,000 


0.29 


72 


0.0000090 
0.0000 100 
0.0000108 


00000112 


2500 to 2550 


2050 to 2250 


Cool rapidly 
from 1850 to 
2050 


400 to 750 
403 
29,000,000 
0.28 


57 
Ferro- 
magnetic 


0.11 
14.4 


16.6 
0.0000055 
0.0000056 
00000064 
00000065 


2700 to 2790 


2000 to 2200 


Retarded cool 
1200 to 1400 


Slow cool 
from 1500 to 
1650 
Rapid cool 
from 1700 to 
1850 


303 
28,000,000 
0.29 

79 


72 
1.003 


124 
0.0000096 
0.0000099 
0 .0000102 


0.0000104 


1600 


2550 to 2590 
2100 to 2350 


1700 to 1750 


Coolrapidly 


from 1850 to 


2050 


50 


400 to 750 
405 
29,000,000 
0.28 
60 
Ferro- 
magnetic 


O11 


00000060 
0.0000064 
0.0000067 
0.0000075 


2700 to 2790 


1950 to 2050 


1350 to 1500 


Not 
appreciably 
hardenable 


raised to 27,500,000 psi 


Fable IV. Physical Properties and Working Characteristics 


304 


28,000,000 
2,500,000 
0.29 


00000096 
0.0000099 
0 .0000102 
0.0000104 
0.0000112 


1650 
2550 to 2650 


2100 to 2300 


1650 to 1700 
‘ool rapidly 


from 1850 to 


2050 


80 


1900 to 2100 
400 to 750 


410 
29,000,000 
0.28 
57 
Ferro- 
magnetic 
0.11 
14.4 
15.0 
15.5 
16.1 
0.0000061 
0.0000072 
0 0000076 


1250 


2700 to 2790 


2000 to 2150 


400 to 1500 
Slow cool 


Air.cool from 


200 to 1350 


Slow cool 


from 1500 to 


fr 


I 


1600 
Rapid cool 
om 1750 to 

1800 


75 


1450 


305 
28,000 000 


12,500,000 
0.29 


72 


124 
0.0000096 
0.0000099 
0.0000102 


00000104 


2550 to 2650 
2100 to 2300 


Cool rapidly 
from 1850 to 
2050 


400 to 750 


416 
29,000,000 


0.28 


57 
Ferro- 
magnetic 


0.11 
144 


16.6 
00000055 
00000056 
0 0000064 
0.0000065 


2700 to 2790 


2100 to 2300 


Retarded cool 
1200 to 1400 


Slow cool 
from 1500 to 
1650 
Rapid cool 
from 1700 to 
1850 


of Wrought 


308 
28,000,000 
0.29 


72 


12.5 
0.0000096 
0.0000099 
0.0000102 


0.0000104 


2550 to 2590 


2100 to 2300 


Cool rapidly 
from 1850 to 
2050 


400 to 750 


420 


29,000,000 
11,700,000 
0.28 


magnetic 


0.11 
144 


0.0000057 


0.0000068 
0.0000076 


1200 


2000 to 2150 


1700 to 1750 
Slow cool 
Slow cool 
from 1550 to 
1650 
Rapid cool 
from 1850 to 
1900 


"0, As cold worked, this value decreases 
Data from ASTM Special Technical Publication 52-A (1950) 


79 
1.02 
0.12 0.12 0.12 0.12 0.12 
9.2 94 94 94 88 
118 
55 
Ferro- 
| 
= 
A 


Stainless and Heat-Resisting Steels in the Annealed Condition (ASTM) 


Property 309 310 3l4 316 


Modulus of elasticity in tension, psi 29,000,000 30,000 000 29,000,000 28.000 000 


Modulus of elasticity in torsion, psi 


Density 0.29 0.29 0.279 0.29 
g per cu cm 79 79 80 
Specific electrical resistance at room 
temperature, microhm-cm ...... 78 78 77 74 
cold workec 
permeability | Severely cold worked 100 
Specific heat, Btu lb deg Fahr 
(32 to 212 F) ‘ 0.12 0.12 0.12 0.12 
212 F 80 75 10.1 90 
Thermal conductivity } = F a 
572 F 88 
Btu hr sq ft, ft deg Fahr | 759 F 95 
“932 F 10.8 10.0 12.1 12.1 
32to 212F ... 
0.0000083 0.0000080 00000089 
|}32to 572F ... 
| (AISI, 600 F) 0.0000093 00000090 0.0000084 0 0000090 


Mean coefficient of | S2to 932 F 
(AISI, 1000 F) 


thermal expansion | 32 to 1112 F 
(AISI, 1200 F) 


0 0000096 0 0000094 00000097 


0.0000 100 0.0000097 0.0000 103 


(AISI, 1500 F) ers 0.0000098 0.0000111 
32 to 1832 F 
(AISI, 1800 F) 
Maximum temperature without 
excessive scaling, deg Fahr 
Melting range, deg Fahr 
Initial temperature, 
deg Fahr 
| Final temperature, 
deg Fahr 
Annealing temperature, deg Fahr 


0.0000115 0.0000 106 


2000 
2550 to 2650 


2000 


1650 
2550 to 2650 5 


2500 to 2550 
Forging practice 2050 to 2250 2000 to 2250 to 2050 2100 to 2300 
1700 to 1750 
Cool rapidly 
from 1850 to 


1800 to 1850 
Cool rapidly 
from 1900 to 


1800 to 1850 
Cool rapidly 
from 1900 to 


Cool rapidly 
from 2100 


2050 2100 2050 
Low anneal saan 
Full anneal 
Maximum cold reduction of wire 
before anneal 80 80 


Riveting and hot forming 
temperatures, deg Fahr 
Stress relieving, deg Fahr 


1900 to 2100 
400 to 750 


1900 to 2100 
400 to 750 


1900 to 2100 
400 to 750 


Property 430 430F 431 440A 


Modulus of elasticity in tension, psi 29,000,000 


Modulus of elasticity in torsion, psi 


29,000,000 29,000,000 29,000,000 


0.28 0.28 


Density fib per cu in ' 0.28 0.28 
(g per cu cm 77 eres 
Specific electrical resistance at room 
temperature, microhm-cem 60 60 72 60 
Magnetic Ferro- Ferro- Ferro- Ferro- 


permeability 
Specific heat 


magnetic magnetic magnetic magnetic 


Btu lb deg Fahr 


(32 to 212 F) 0.11 0.11 O11 O11 
212 F 151 15.1 11.7 140 
Thermal conductivity, 392 F 15.2 
Btu hr sq ft ft. deg Fahr / 572F 15.2 
752 F 15.2 
| 932 F 15.2 15.2 ‘ eee 
(32to 212F 0 0000058 0 0000058 00000065 0 0000056 
Mean coefticient of 32to 600 F 0 0000061 0 0000061 0 0000067 
thermal expansion / 32 to 1000 F 0 0000063 0 0000063 
per deg Fahr . | 32 to 1200 F 0 0000066 
| 32 to 1832 F 0 0000073 0 0000069” 


Maximum temperature without 


excessive scaling, deg Fahr 1550 
Melting range, deg Fahr ............. 2700 to 2750 «2600 to 2750 2500 to 2750 
Initial temperature 
| deg Fahr 1900 to 2050 $1950 to 2100 2100 to 2250 1900 to 2200 


Final temperature, 
deg Fahr 

| Method of cooling 

| Low anneal 


Forging practice 
1300 to 1500 
Air cool 
1350 to 1450 
Slow cool 
from 1550 to 
1650 


1150 to 1225 
Impractical 


. 1250 to 1400 

Air cool or 

rapid cool 

from 1400 to 
1450 
Non- 

hardening 


Annealing tempera- 
tures, deg Fahr 


f 


Full anneal) 


Rapid cool 
from 1850 to 
1950 


Not 
appreciably 
hardenable 


Rapid cool 
from 1850 to 
1950 


Hardening temperature, deg Fahr ... 


Maximum cold reduction of wire 
before anneal, 

Riveting and hot forming 

deg Fahr 


75 


temperatures, Below 1450 


(a) From 32 to 1500 F. Data from ASTM Special Technical Publication 52-A (1950) 


317 
28.000 000 


029 


74 


124 
0 0000089 
0 0000090 
0 0000097 
00000103 


0 OOOO111 


2500 to 2550 
2100 to 2300 
Cool rapidly 


from 1850 to 
2050 


400 to 750 
440B 
29,000 000 
0.28 
60 
Ferro- 
magnetic 


O11 
140 


0 0000056 


2500 to 2750 


1900 to 2150 


Retarded cool Retarded cool Retarded cool 


1350 to 1450 
Slow cool 
from 1550 to 
1650 


Rapid cool 
from 1850 to 
1950 


321 


28,000,000 


0 0000093 


0 GO00095 


0 0000103 


0 0000107 


0 0000112 


1650 
2550 to 2600 


2100 to 2300 


1650 tol 700 


1550 to 1650 
1750 to 1950 


BO 


1900 to 2100 
400 to 750 


440C 


29,000 000 


0.28 


Ferro- 
magnetic 


oll 
140 


0 0000056 


2500) to 2700 


1900 to 2100 


Retarded cool 
1350 to 1450 
Slow cool 
from 1550 to 

1650 


Rapid cool 
from 1850 to 
1950 


28,000 000 


0.29 
80 


73 
1.02 


012 

93 
102 
111 
128 


0 0000093 


0 0000095 


00000103 


0 0000111 


1650 
2550 to 2600 


2100 to 2300 


1750 


1700 to 


1550 to 1650 
1850 to 2050 


1900 to 2100 
400 to 750 


446 


29,000 000 


027 
76 


67 
Ferro- 
magnetic 


012 
121 
127 
13.3 
141 

0 0000059 


0 0000063 


0 0000076 


2000 
2700 to 2750 


1900 to 2000 


1300 to 1450 
Air cool 


Rapid cool 
from 1450 to 
1550 


Non- 


hardening 


jelow 1650 


0.29 
79 
|_| 72 
102 
012 012 
94 93 
even 12 
11g 
12.8 
= = 
JULY 15, 1954; PACE 37 


Stainless Steels 


oxidation resistance at high tempera- 
ture. Type 309S has lower carbon than 
309, reducing the degree of carbide 
precipitation at elevated temperature. 

Type 310 has higher nickel than 309, 
which, with the 1'4% max Si, increases 
both oxidation resistance and strength 
at elevated temperature. Modification 
310S has lower carbon, reducing the 
degree of carbide precipitation 

Type 314 has greater oxidation re- 
sistance than 310 as a result of in- 
creased silicon content; the structure 
is less stable, however. 

Type 316 steel has the best corrosion 
resistance of the 18-8 types in highly 
lonized reducing acids, as a result of 
its molybdenum content. Type 316 is 
used at elevated temperatures, as well 
as for handling liquids in chemical 
and processing industries. The lower- 
carbon modification, 316L, is essentially 
immune to intergranular attack due to 
precipitation of chromium carbide dur- 
ing welding or stress relieving, in 
strongly corrosive uses below 800 F. 

Type 317 has higher alloy content 
than 316 for applications requiring in- 
creased corrosion resistance. 

Type 321 is the 18-8 analysis with 
titanium added to make the steel vir- 
tually free from intergranular attack 
in corrosive mediums up to 1500F 
after welding or stress relieving. It is 
used in high-temperature service, prin- 
cipally in and around aircraft engines. 


Tempering Tensile 
AISI Temperature,’ Strength, 
Type deg Fahr psi 
403 .. Annealed 75,000 
410 Annealed 70,000 
403 
and -Quenched 
40 J 400 190,000 
600 180,000 
B00" 195,000 
1000" 145,000 
1200 110,000 
1400 90,000 


coves Annealed 
Quenched 


75,000 


190,000 


400 

600 180,000 
B00"? 195,000 
1000") 145,000 
1200 110,000 
1400 90,000 


Annealed 
Quenched 


125,000 


205,000 
600 195,000 
B00" 205,000 
1000") 150,000 
1200 125,000 


Annealed 95,000 


It is also used to some extent in the 
chemical and processing industries. 

In type 347 similar immunity to in- 
tergranular corrosion is provided by 


the addition of columbium. As with 
321 the immunity persists to about 
1500 F, which is about the limiting 


scaling temperature. The material is 
used in strongly corrosive applications 
and also in high-temperature aircraft 
and steam power service. Types 321 
and 347 are often interchangeable ‘see 
Metal Progress, Nov 1950, p 691). 

Physical properties and working 
characteristics of the annealed austen- 
itic steels are given in Table IV. 


Martensitic Stainless Steels contain 
between 11.5 and 18% Cr. They can be 
hardened by quenching. Composition 
limits of the standard grades are given 
in Table I and mechanical properties 
in the annealed condition in Table IT. 
Mechanical properties of the _ steels 
after hardening and tempering are 
listed in Table V. 

Type 403 is widely used for forged 
or machined turbine and compressor 
blades and other highly stressed parts 
Type 410 is used in the heat treated 
condition in valve stems and pump 
linings, and as annealed sheet and 
strip for lining oil-refinery vessels and 
in mining equipment where abrasion 
resistance is required along with cor- 
rosion resistance. 

Type 416, the free-machining grade 
of type 410, is available as bar and wire 
for high-production screw-machine 
work. It should not be welded if 
strength or toughness is required. 


Table V. Nominat Mechanical Properties of Wrought Martensitic Stainless Steels'*’ 


0.2) Yield Elongation Reduction 
Strength, in 2in., of Area, 
psi “A 
40,000 35 70 

35,000 30 

145,000 15 55 
140,000 15 55 
150,000 17 55 
115,000 20 65 
85,000 23 65 
60,000 30 70 


40,000 
145,000 12 45 
140,000 13 45 
150,000 13 50 
115,000 15 50 
85,000 18 55 
60,000 25 


95,000 20 55 
155,000 15 55 
150,000 15 55 
155,000 15 60 
130,000 18 60 


95,000 
50,000 


Type 420 has higher carbon to pro- 
vide greater hardness in the heat 
treated condition. It is_ principally 
used for cutlery, valve parts and cor- 
rosion-resistant ball bearings 

Type 431, containing 2°) Ni, has in- 
creased corrosion resistance and about 
the same strength as the nickel-free 
martensitic steels. 

Types 440A, 440B and 440C are cut- 
lery compositions of increasing carbon 
content and hardenability. These steels 
are used for surgical instruments, cut- 
lery, anti-friction bearings, valves and 
other applications requiring high hard- 
ness and good corrosion § resistance 
where toughness is not important. 

Types 501 and 502, containing 5” 
Cr and 0.50‘. Mo, resist mildly corro- 
sive conditions but are not “stainless”. 
They are used in the oil-refining in- 
dustry as still tubes, where a combi- 
nation of high creep strength and some 
corrosion resistance is required. Type 
502 has lower carbon with correspond- 
ingly lower hardening characteristics 
and better weldability. 

Physical properties and fabrication 
characteristics of the martensitic stain- 
less steels are given in Table IV. 


Ferritic Stainless Steels are not use- 
fully hardenable by heat treatment 
Compositions are given in Table I and 
mechanical properties in the annealed 
condition in Table II. 

Type 405 is the 410 composition with 
a small amount of aluminum added to 
inhibit air hardening from welding or 
brazing. 
Type 430, the 


Stainless steel with 


Izod 
Impact — Hardness 
ft-lb Brinell Rockwell 
90 155 B 82 
70 150 
410 C 43 
35 390 Cc 
35 375 C 39 
390 C 41 
300 C 3i 
75 225 397 
100 180 B89 


410 C 43 
20 390 Cc 
20 375 C3 
390 C 4i 
300 C 
30 225 
B 
50 260 C 24 
440 C45 
30) 415 C 43 
45 400 C 41 
415 C 43 
325 C 34 
y C2 


B92 
Quenched 540 C 54 
600 230,000 195,000 8 25 10 500 C 50 
440A . Annealed 105,000 60,000 20 45 2 215 B95 
Quenched sue ee oe 570 C 56 
600 260,000 240,000 5 20 4 510 C51 
440B Annealed 107,000 62,000 18 35 2 220 B96 
Quenched 590 C 58 
600 280,000 270,000 3 15 3 555 C 55 
440C Annealed 110,000 65,000 14 25 2 230 B97 
Quenched 610 C 60 
600 285,000 275,000 2 10 2 580 C57 
(a) Data for bars 1 in. in diameter, AISI Steel Products Manual, (c) Tempering within the range from 750 to 1050F 
Section 24, April 1950 , is not recommended because of low and erratic impact 
(b) Quenching temperatures: 403, 410 and 416, 1800 F; others, 1900 F 
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properties 


20 60 


= 


Weightin 


Gainin 


highest volume of production, is used 
mostly in automotive trim. It is also 
widely used architecturally and in cer- 
tain specific chemical applications. 
Type 430 is not so easily formed as 


18-8 in applications involving severe 
bending or extra deep drawing. Type 
430F is the free-machining ferritic 
steel. 

Type 446 has 25% Cr for increased 
resistance to oxidation at elevated 
temperatures 

Physical properties and working 


characteristics of the ferritic stainless 
steels are listed in Table IV. 

Corrosion Resistance. The article on 
pages 557 to 561 of the 1948 Handbook 
gives detailed information on the cor- 
rosion resistance of the wrought stain- 
less steels and the effects of heat treat- 
ment and other variables on corrosion 
behavior. The curve on page 562 in 
that article indicates the important 
effect of chromium content on oxida- 
tion resistance. Figure 2 here shows 
the relative resistance of commercial 
Steels to scaling, measured by gain in 
weight in 1000 hr. 


300 
Scr 
250 : 
200 
5 
2/50 
2/00 
2 
E 
50 
O 
900 1000 1200 1/400 1600 
Temperature, deg Fahr 
Fig. 2. Scaling of Stainless and 
Other Steels in Air 
Welding. The austenitic stainless 


Steels can be satisfactorily welded by 
all production methods. The steels are 
equally weldable in the annealed and 
cold rolled conditions. The ratio of 
impact strength to tensile strength in 
resistance welds is higher than in any 
other alloys commonly used for struc- 
tural purposes. Although areas of 
Stress concentration will develop in 
spot welds, joints can be designed to 
withstand heavy fatigue loads The 
austenitic steels have a coefficient of 
thermal expansion about 60% greater 
than mild steel; this must be consid- 
ered in joining, to minimize warping 
or distortion of the part. 

Recommendations are given in Table 
VI regarding electrodes and post-weld 
heat treatments 

The one serious difficulty that can be 
encountered in welding these steels is 
intergranular corrosion of the metal in 
or alongside the weld. When the un- 
stabilized 18-8 steels are heated within 
the range 800 to 1500 F, either locally 
as in welding or completely as in stress 
relieving, precipitation of chromium 
carbide occurs at the grain boundaries 
in the reheated metal, and on subse- 
quent exposure to corroding conditions 
the steels may be attacked at the grain 
boundaries. This difficulty can be over- 
come by heat treating the welded struc- 
ture at temperatures high enough to 
redissolve the carbide, by adding a 
strong carbide-forming element 


Table VI. Recommended Heat Treatments and Electrodes 
for Welding Wrought Austenitic, Ferritic and Martensitig Stainless Steels 
Recom- 
AISI Recommended Heat Treatment mended 
Type Pre-Weld Post-Weld Electrode 
Austenitic Steels 
301 (a) Cool rapidly from between 1950 and 2100 F 308 
302 if corrosion conditions are moderate to 
severe 
MT ders cae (a) Cool rapidly from between 1850 and 2000 F 308 
only when corrosion conditions are strong 
304L (a) Not required for corrosion resistance 308L'" or 347 
309 (a) Usually unnecessary because steel is gen- 309 
310°" erally in service at high temperatures 310 
316 (a) Cool! rapidly from between 1950 and 2100 F 316 
only when corrosion conditions are severe 
316L (a) Not required for corrosion resistance 316L 
317 (a) Cool rapidly from between 1950 and 2100 F 317 
only when corrosion conditions are severe 
321, 347 (a) Not required for corrosion resistance 347 
Ferritic and Martensitic Steels 
403, 405 150 to 300 Air cool from between 1200 and 1400 F 410 
410 150 to 300 Air cool from between 1200 and 1350 F 410" 
430 150 to 300 Air cool from between 1400 and 1450 F 4m" 
446 300 to 500 Cool rapidly from between 1550 and 1650 F. 446 
501 300 to 500 Air cool from between 1325 and 1375 F 502 
502 300 to 500" Air cool from between 1325 and 1375 F SoZ” 
(a) Unnecessary when the steel is above 60 F 
(b) 0.047) C max 
(c) Where corrosion is a factor, 309S and 310S are used, and post-weld heat treat- 


ment is rapid cooling from between 2000 and 2100 F 


(d) 
(e) May 
steel is above 60 F 


lumbium or titanium) as in types 321 
and 347, or by reducing the carbon 
content of the 18-8 steels to a maxi- 
mum of 0.03, as in types 304L and 
316L. When either of these procedures 
is employed the weldments are virtu- 
ally immune to attack at the grain 
boundaries. The advantage of types 
321, 347, 304L and 316L is that they can 
be used to resist corrosion in the as- 
welded or stress relieved conditions. 
They can be bent and formed hot dur- 
ing fabrication, and equipment so made 


can be used at moderately elevated 
temperatures. If operating tempera- 
tures are within the carbide precipi- 


tation range (800 to 1500 F) types 321 
and 347 are preferable to 304L and 316L. 

Types 309 and 310, containing higher 
chromium and nickel, are also weld- 
able. Although these steels are subject 
to intergranular attack, their greatest 
usage is where intergranular corrosion 
is not a factor. However, when weld- 
ments are intended to resist strong 
chemicals, precautions must be taken 
to avoid the development of intergran- 
ular attack both in and adjacent to 
the weld. When it is necessary to im- 
prove resistance to intergranular attack 
in the 309 and 310 steels, the carbon 
content is usually decreased. 

Welds in ferritic and martensitic 
stainless steels are not so ductile and 
tough as in the austenitic steels. The 
lower-carbon types (403, 405 and 410) 


are more adaptable to welding than 
those of higher carbon content (420 
and 431). Welds in the lower-carbon 


steels have low ductility and toughness 
in the as-welded condition because they 
air harden. Hence, weldments must be 
annealed and cooled rapidly through 
the range 800 to 1100 F. 

Types 430 and 446, containing about 
17 and 25% Cr, respectiveiy, while not 
significantly air hardening, are subject 
to grain coarsening above about 1900 F. 
At 2100 F the ferritic grains become 
very large, and ductility is decreased. 
Some restoration may be gained by 


Light-gage sheet is frequently welded without preheating 
be welded with 308, 309 or 310 electrodes with no preheating required if 


annealing at 1400 and 1600, respectively 

When it is necessary to join these 
higher-chromium steels (430 and 446) 
to carbon steels, austenitic stainless 
steel electrodes of either type 309 or 
310 are recommended, particularly when 
the weldment cannot be postheated or 
stress relieved. Long exposure of these 
steels in the temperature range 800 to 
900 F will reduce the room-temperature 


ductility to a very low value. This 
condition is especially severe in the 
25°, Cr steel, which also loses duc- 


tility on extended heating in the range 
1300 to 1500 F because of the formation 
of sigma phase 

The ductility and toughness of welds 
in types 501 and 502 are greatly im- 
proved by annealing. The lower-carbon 
502 is preferred, as it is less hardenable 
than the higher-carbon 501. Both 
grades require postheating after weld- 
ing, to avoid cracking. The high-carbon 
martensitic types (440A, 440B and 440C) 
are poorly suited for welding because 
they air-harden easily. If they are 
welded, they must be preheated, slowly 


cooled after welding and then an- 
nealed. 
Machining, Stamping and Drawing 


are dealt with in the article on 
582 to 584 of the 1948 Handbook. 


pages 


Castings 


The physical properties, heat treat- 
ments and applications of corrosion- 
resistant castings given in the 1948 
Handbook ‘pages 549 to 553) still apply 
However, changes have been made in 
the composition ranges for some of the 
standard alloys; current compositions 
are given in Table VII and mechanical 
properties in Table VIII 

The production of corrosion-resistant 
castings has increased since 1945, as 
shown in Fig. 3. These cast alloys are 
frequently used in conjunction with 
wrought alloys of similar composition 
Because the requirements for castabil- 
ity and rollability are met by different 
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the constituent ele- 
ments, castings should be specified by 
cast alloy designations, not by type 
humbers applying to wrought forms. 

Design and Selection. Although cor- 
responding cast and wrought alloys 
have equivalent corrosion § resistance, 
the differences in physical, mechanical 
and fabricating characteristics should 
be noted carefully. For example, the 
cast alloy CF-8 normally shows greater 
ferromagnetism than the corresponding 
wrought alloy 304, which is virtually 
nonmagnetic. (Type CF-8 castings of 
low magnetic permeability can be made, 
but they should be so specified.) 

Relatively few  corrosion-resistant 
castings are used in the as-cast condi- 
tion. Subsequent fabrication may be a 
factor in selecting alloy and design. 
Where limited machining is involved, 
any of the standard alloys may be used 
satisfactorily, but selenium-containing 
grades are recommended if extensive 
machining is required; the CF-16F al- 
loy can be turned at almost twice the 
speed of the CF-8 type, and the chips 
free themselves from the tool and break 
more readily than with other CF grades. 

Foundry difficulties that may arise in 
the casting of large, intricate structures 
often can be avoided by designing the 
part to be cast in two or more pieces 
for later fabrication by welding or bolt- 
ing to make the desired unit. All of 
the grades can be welded satisfacterily 
if proper techniques are employed, as 
explained subsequently under Welding. 
Alloys CF-8C and CE-30 are useful 
when castings cannot be readily heat 
treated after welding. 

Loose wood or metal patterns are 
subject to damage from warping and 
mechanical abuse, and should be con- 
sidered only for large castings or when 
a few small or experimental parts are 
being made, Mounted patterns, match- 


balances among 


Table VIII. 


Nominal Mechanical Properties of Cast Corrosion-Resistant Alloys (ACI) 


Bri- Charpy 
0.2% Elonga- nell Impact, 
Tensile Yield tionin Hard- Key- 
ACI Strength, Strength, 2in., ness hole, 
Type Heat Treatment’” psi psi % Number ft-lb 
CA-15 - AC, 1800 F; temp, 1450 F 100,000 75,000 30 185 35 
AC, 1800 F; temp, 1200 F 115,000 100,000 22 225 20 
AC, 1800 F; temp, 1100 F 135,000 115,000 17 260 10 
AC, 1800 F; temp, 600 F . 200,000 150,000 7 390 15 
CAD ccscns AC, 1800 F; temp, 1400 F ... 110,000 67,000 18 212 3 
AC, 1800 F; temp, 1200 F ... 140,000 113,000 14 267 4 
AC, 1800 F; temp, 1100 F ... 150,000 125,000 10 310 2 
AC, 1800 F; temp, 600 F 220,000 165,000 1 470 1 
Ge acvcas Annealed 1450 F, FC to 1000 F, 
95,000 60,000 15 195 2 
CC-50 (Under 1° Ni) as cast 70,000 65,000 2 212 so 
(Over 2% Ni, 0.15% N min) 
as cast a 95,000 60,000 15 193 45°" 
(Over 2% Ni, 0.15% N min) 
97,000 65,000 18 210 
CE-30 ..As cast dh 95,000 60,000 15 170 
WC, 1950 to 2050 F 97,000 63,000 170 
so Merere WC, 1960 to 2050F ......... 77,000 37,000 55 140 75 
CF-20 WC, 2000 F 77,000 36,000 50 163 60 
4 ‘WC, 1950 to 2100 F 80,000 42,000 500 156-170 70 
CF-8C WC, 1950 to 2050 F 77,000 38,000 39 149 30 
CF-16F WC, above 2000 F 77,000 40,000 52 150 75 
CH-20 wc, above 2000 F .. 88,000 50,000 38 190 30 
CK-20 76,000 38,000 37 144 
eer WC, 1950 to 2050 F errr 69,000 31,000 48 130 70 
(a) “AC” means air cooled from temperature indicated; “temp”, tempered; “FC’ 


furnace cooled; “WC”, water quenched. 


drag patterns are essential to produce 
dimensionally accurate castings of high 
quality. 

Minimum section thickness should be 
held to ;, in. or greater if possible. 
Somewhat lighter sections are feasible 
for most of the alloys, depending on 
pattern equipment and casting design, 
but some difficulty is experienced in 
running thin sections in the straight- 
chromium alloys of the CA, CB and CC 
types. Where intricate designs are in- 
volved, the greater fluidity of austenitic 
chromium-nickel grades is advanta- 
geous. Designs requiring appreciable 
changes in section should be avoided. 
This applies to the casting as cast; that 


plate patterns, or separate cope and is, finish allowance of % in. or more on 
Table VII, Standard Designations and Composition Ranges 
for Corrosion-Resistant Castings (ACI) 
Composition, 
ACI Wrought 
Desig- Alloy ¢ Mn Si 
nation’ Type” (max) (max) (max) Cr Ni Other’ 
CA-1 410 0.15 1.00 150 115to14 1 max Mo 0.5 
CA-40 420 0.20 to 0.40 1.00 1.50 115to 14° 1 max Mo 0.5 max'® 
CB-30 431 0.30 1.00 1.00 18 to 22 2 max 
CC-50 446 0.50 1.00 1.00 26 to 30 4 max 
CE-30 0.30 150 2.00 26 to 30 8 toll 
CF-# 304 0.08 1.50 2.00 18 to 21 8toll 
Cr-20 302 0.20 1.50 2.00 18 to 21 Btoll 
CF-8M 316 0.08 1.50 1.50 18 to 21 9to 12 Mo 2.0 to 3.0 
CF-12M 316 0.12 1.50 1.50 18 to 21 9to 12 Mo 2.0 to 3.0 
CF-8cC 0.08 150 200 18 to 21 9 to 12 Cb” 
CF-16F 303 0.16 1.50 2.00 18 to 21 9to 12 Mo, Se‘? 
CH-20 309 0.20 1.50 2.00 22 to 26 12 to 15 
CK-20 31 0.20 1.50 2.00 23 to 27 19 to 22 ; 
CN-7M 007 1.50 18 to 22 21 to 31 Mo-Cu'®? 
(a) Most of these standard grades are covered by ASTM A296-49T 
(b) Type numbers of wrought alloys are listed only for nominal identification of cor- 
responding wrought and cast grades. Composition ranges of the cast alloys are not the 
same as for the corresponding wrought alloys; cast alloy designations should be used fot 
castings 
ic) Phosphorus is 0.04% max except in CF-16F, which has 0.17° 


max in all grades 


> max; sulfur is 0.04% 


(id) Molybdenum not intentionally added 

fe) Cb, 8XC min, 10°) max; or Cb-Ta, 10xC min, 1.35 max 

if) Mo, 1.5 max; Se, 0.2 to 0.35% 

(g) Several proprietary alloy compositions fall within the stated chromium and nickel 


ranges and contain varying amounts of silicon, 
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molybdenum and copper 


(b) Izod V-notch 


surfaces to be machined should be con- 
sidered in the casting design. 

Dimensional tolerances depend on 
pattern equipment and configuration 
In general, over-all dimensions and lo- 
cation of cored holes can be held to ,' 
in. per ft. Solidification shrinkage is 
compensated for as noted in Table IX; 
the figures apply only to unhindered 
contraction. 

Because varying amounts of resist- 
ance to free contraction of the casting 
are offered by the shape of the mold, 
a single shrinkage allowance is neces- 
sarily a compromise. Extreme demand 
for dimensional accuracy may require 
that several different shrinkage allow- 
ances be used on a single pattern 
Furthermore, an entirely different pat- 
tern may be needed to produce the 
same casting design if different mold- 
ing methods are employed. 

In addition to differences in contrac- 
tion, the requirements for gates and 
risers vary considerably among cast 
iron, steel and high alloys. Pattern 
equipment designed for one metal 


® 
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Total Corrosion Resistant 
Castings 


a 
S 


200 
4 
80 — 
60 19Cr-9 Ni, | 
Alloys 
40} -Fe- Cr- Ni Alloys? + Fe-Cr 
cexcept 19 Cr-9Ni Alloys 


Fe-Ni-Cr Alloys 


Percent of Total Production Percent of 1940 Production 


1940 42 44 46 48 50 52 "54 
Yeor 
Fig. 3. Production of Corrosion- 


Resistant Castings (ACI) 
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Table IX. Patternmakers’ Shrinkage 
for Cast Corrosion-Resistant Alloys'* 


Shrinkage 
Allowance, 


ACI Type in. per ft 


CC-50 
CA-15, CA-40, CB-30 
CE-30, CF-8, CF-8M 
CF-12M, CF-16F fs 
CH-20, CK-20, CN-7M 
CF-8C, CF-20 

(a) These values are for unhindered con- 
traction; considerable variation may occur, 


depending on the shape of the casting 


should be used for another only after 
consultation with the foundry produc- 
ing the casting. Best results are usually 
obtained when the foundryman is con- 
sulted in the early stages of design 

Welding. Corrosion-resistant castings 
are customarily welded by the manual 
metal-arec method using direct current 
with reversed polarity ‘electrode posi- 
tive). Certain precautions are neces- 
sary for the straight-chromium grades; 
lime-coated electrodes are generally 
used, and the rod should be the same 
type composition as the casting. Elec- 
trodes that contain nickel should be 
avoided because they will cause hard 
spots that cannot be eliminated by heat 
treatment Pre-weld heating of cast- 
ings is recommended 

Preparation of the chromium-nickel 
steels for welding is less involved; pre- 
heating is seldom required. Welds have 
the same chemical, physical and me- 
chanical properties as the base metal 
if equivalent alloy electrodes are em- 
ployed and if the castings are properly 
heat treated after welding. If the post- 
weld heat treatment is omitted, most 
grades will lose corrosion resistance in 
the weld zone. Because many of the 
alloys are partially ferritic they are 
somewhat less susceptible to intergran- 
ular attack than the corresponding 
grades of wrought steels which are fully 
austenitic. Thus fast cooling, thin sec- 
tions of CF-8 and CF-8M castings can 
often be welded without subsequent 
heat treatment and still provide satis- 
factory corrosion resistance. The high 
chromium content and strongly ferritic 
structure of the CE-30 alloy permit 
welding of somewhat heavier sections 
without post-weld heating but where 
casting thickness is great enough to re- 
sult in slow post-weld cooling through 
the range 1600 to 800 F, stabilized cast- 
ings of the CF-8C type should be used 
or the castings should be quench an- 
nealed as pointed out in Table X. 

The recommended electrical settings 
for welding the cast alloys are given in 
Table XI Pre-weld and _ post-weld 
heat treatments required for all the 
grades are listed in Table X, together 
with recommended electrodes. 

Machining. All the cast chromium 
and chromium-nickel alloys are ma- 
chinable with speeds about 45° of 
those used for Bessemer screw stock. 
The work hardening characteristics of 
the austenitic alloys require that slow 
feeds, deep cuts and powerful rigid 
machines be employed for best results. 
Straight-chromium grades have a lower 
rate of work hardening than the aus- 
tenitic types but comparable machin- 
ing techniques are recommended. The 
work should be firmly supported, and 
tool mountings should provide maxi- 
mum stiffness. 


It is especially impor- 


Table X. Recommended Heat 


Pre-Weld 


for Welding Corrosion- 


Recommended Heat Treatment 


Treatments and Electrodes 
Resistant Castings 


Recom- 
mended 


Post-Weld'*’ Flectrode 


CA-15 400 to 600 Cool to 300 F min, air cooled from 1125 to 1450 F 410 
CA-40 400 to 600 Cool to 300 F min, air cooled from 1125 to 1450 F 420 
CB-30 600 to 800 Cool to 150 F max, heat to 1450 F, air cooled 431 
CC-50 350 to 400 Heat to 1650 F, then rapidly air cool 446 
CE-30 None None‘ 309 
CF-8 None Water quenched from 1950 to 2050 F 304 
CF-20 None Water quenched from 2000 to 2100 F 302 
CF-8c None None M7 
CF-8M None Water quenched from 1950 to 2100 F 316 
CF-12M None Water quenched from 1950 to 2100F 316 
CF-16F None Water quenched from 2000 to 2100 F 304 
CH-20 None Water quenched from 2000 to 2100 F 309 
CK-20 None Water quenched from 2000 to 2150 F 310 
CN-7M 400 Cool very slowly, heat to 2000 F, water quenched (c) 
(a) Time at post-weld temperature should be long enough to insure uniform heating 


throughout the areas and sections involved 


Quenching of chromiun 
be drastic enough to insure a rapid rate of cooling from 1600 to 800 F 


nickel grades should 
Air or oil quench- 


ing may be adequate with light sections and low-carbon alloy 


(b) Post-weld heat treatment usually is 


not necessary 


however, corrosion resistance 


and ductility can be improved somewhat by quenching from about 2000 F 


(c) Rod of composition equivalent to cast 


tant that the tool be kept continually 
entering the metal, to avoid work 
hardening the surface from rubbing 

Single-point high speed steel turn- 
ing tools are usually ground with a 4 
to 10 deg side and back rake, 4 to 7 deg 
side relief, 7 to 10 deg end relief, 8 to 
15 deg end cutting edge angle, 10 to 15 
deg side cutting edge angle, and to 
'. in. nose radius. Short stiff drills are 
recommended and should be kept sharp 
For high-production work, the speeds 
given in Table XII can be increased 
considerably by using carbide tools 

Good lubrication and cooling are es- 
sential. The low thermal conductivities 
of the alloys make it most important 
to have the cutting fluid flood both the 
tool and the work. Sulfochlorinated 
petroleum oil containing active sulfur 
and about 8 to 10°. fatty oil is recom- 
mended for high speed steel tools. 
Water-soluble cutting fluids are useful 
with carbide tools. 


Reference to Corrosion Resistance 
of Stainless Steels 


The 1948 ASM Metals 
contains two articles devoted to the 
important factors that influence the 
corrosion resistance of iron-chromium 
and iron-chromium-nickel alloys: 
“Corrosion-Resistant Castings” and 
“The Resistance of Wrought Stainless 
Steels to Corrosion”. 

“Corrosion-Resistant Castings”, page 


Handbook 


Table XI. 


alloy is available and should be used 


Recommended Electrical 
Settings for Welding Corrosion- 
Resistant Castings 


Section Flectrode Are 
Thickness, Diameter, Current Volts 
in in amp imax) 
',to', 45to 70 24 
',to', 70 to 105 25 
In tol, 100 to 140 25 
',to! 130 to 180 
', and over ‘4 210 to 200 27 
549, outlines the considerations for 
their selection for service, first in gen- 


eral terms, and then more specifically 
on the basis of the particular proper- 
ties of each alloy type. The latter in- 
formation is divided into three groups 
iron-chromium alloys, which pertains 
to the so-called straight-chromium 
alloys; iron-chromium-nickel alloys, in 
which the chromium exceeds the nickel 
content; and iron-nickel-chromium 
alloys, with more nickel than chromium. 

“The Resistance of Wrought Stain- 
less Steels to Corrosion”, page 557, re- 
ports on factors such as: effects of 
composition on resistance to corrosion, 
effect of heat treatment on resistance 
to corrosion, effect of surface condition, 
and others. Under corrosive effects of 
various mediums, tabular data for the 
rate of corrosion are reported tor many 
and varied mediums. 


Table XII. Speeds and Feeds for Machining Corrosion-Resistant Castings 


Rough Turning 


Drilling Tapping 


ACI Speed,'* Feed, Speed,” Speed, 
Type sfpm sfpm sfpm 
CA-15 40 to 50 0.010 to 0.030 35 to 70 10 to 25 
CA-40 25 to 35 0.030 to 0.040 30 to 60 10 to 20 
CB-30 40 to 5O 0.020 to 0.930 30 to 60 10 to 25 
CC-50 40 to 50 0.025 to 0.035 40 too 10 to 25 
CE-30 30 to 40 0.020 to 0.025 30 to 60 10 to 25 
CF-8 25 to 35 0.020 to 0.025 2%) to 40 10 to 20 
CF-20 25 to 35 0.020 to 0.025 20 to 40 10 to 20 
CF-8C 30 to 40 0.020 to 0.025 w to 60 10 to 25 
CF-8M 25 to 35 0.020 to 0.025 20 to 50 10 to 20 
CF-12M 25 to 35 0.020 to 0.025 20 to 10 to 20 
CF-16F 45 to 55 0.020 to 0.025 30 to BO to 
CH-20 25 to 35 0 020 to 0.025 20 to 10 to 20 
CK-20 25 to 35 0.020 to 0.025 20 to 40 10 to 20 
CN-7M 45 to 55 0.020 to 0.025 to OO 10 to 25 

(a) For high speed steel tools. About twice these speeds for carbide tools 

tb) Drilling feeds: drill diameter under ', in., 0.001 to 0.002 ipr, ', to '4 in., 0.002 to 

0.004 ipr; '4 to 42 in., 0.004 to 0.007 ipr; +, to 1 in., 0.007 to 0.015 ipr, more than 1 in., 0.015 to 


0 025 ipr 
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THIS article supplements those on 
Wrought Heat-Resisting Alloys (page 
562) and Heat-Resistant Castings (page 


570) in the 1948 Metals Handbook 
Significant changes in the data given 
there, as well as additional data on the 
same alloys and new alloys, are pre- 
sented on pages 46, 47 and 48. However, 
the principal purpose of this article is 
to discuss more comprehensively the 
various types of elevated-temperature 
tests, their limitations and application 
to design and selection of heat-resist- 
ing alloys. 

No single alloy can serve economi- 
cally for a wide range of applications 
involving different stresses, tempera- 
tures, and expected service lives. Se- 
lection is required, and the choices are 
usually much more narrowly limited 
than for applications of constructional 
steels at room temperature. 

The properties of heat-resisting alloys 
at room temperature are useful indi- 
cators of general quality and of suit- 
ability for some cold fabricating opera- 
tions. For design and alloy selection, 
the results of tests at elevated temper- 
ature are necessary. These tests should 
preferably be related to the anticipated 
service conditions in a direct way. 


Short-Time Tension Tests 


Any test at elevated temperature re- 
quires greater care than at room tem- 
perature. Temperature, time, and rate 
of loading must be controlled. Short- 
time tension tests should be made in 
conformity with ASTM Recommended 
Practice E21. 

Elastic properties at elevated temper- 


Fig. 1. Typical Tensile Properties of 
Short-time tests except as noted. 


Heat treatment: 


Heat-Resisting Alloys 


By the ASM Committee on Heat-Resisting Alloys 


atures are apparent, rather than real; 
their magnitudes depend on the incre- 
ment of time between load applica- 
tions; their accuracy, on the sensitivity 
of the extensometer. The longer the 
time increment and the greater the 
sensitivity of the extensometer system, 
the lower will be the observed values of 
all the elastic properties. Yield stress 
is usually taken at either 0.1 or 0.2% 
offset, 

Although short-time tests may some- 
times provide useful design data, the 
important effects of time at tempera- 
ture are not measured. The duration 
of testing is usually only a few minutes, 
and the test measures the properties of 
the material only for a comparable 
length of time and when similarly 
loaded. (The short-time tensile strength 
is frequently used as the 0.1-hr point 
on a rupture curve.) The minimum 
temperature for plastic flow must be 
determined by creep and rupture tests, 
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Inconel X at Elevated Temperatures. 
4 hr at 2100F, 24 hr at 


1550 F, 20 hr at 1300 F 
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Tensile Strength 


Creep Strength 
O1% per 10,000 hr 
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Temperature,deg Fahr 


Table I. 
Allowable Stresses 
(Boiler and Pressure Vessel Codes 
of the ASME) 


Basis for Establishing 


A Unfired Pressure Vessels'* 
1 Elastic range: ', tensile strength 
5. vield strength 
(0.2°) offset) 

2 Plastic range: 100°) creep strength 
(0.01, in 1000 hr) not to exceed 
100,000-hr rupture strength 

3 Intermediate range: curve connect- 
ing the two preceding ranges 

B Power Boilers 

1 Elastic range: same as A above 

2 Plastic range: same as A above ex- 
cept stress not to exceed 

(a) 60° avg 100,000-hr rupture 
strength’ 

(b) 80°) min 100,000-hr rupture 
strength’ 

3 Intermediate range 

C Bolting Steels” 

1 Elastic range 


same as A 


20°; tensile strength 

25’, vield strength 
offset) 

2 Plastic range: same as A above 

3 Intermediate range: same as A 
Sec VIII, Appendix P, See UA-500 
Sec I, Appendix, Sec A-150 


(a) 
(b) 


as illustrated in Fig. 1, which shows 
typical short-time tensile, rupture and 
creep data for a highly alloyed wrought 
heat-resisting alloy and the relations 
emong them over a range of tempera- 
tures. Where satisfactory performance 
depends on the long-time strength or 
ductility above the elastic range, a 
short-time tension test is of little value. 

Table I shows the basis for establish- 
ing allowable stresses according to the 
ASME Boiler and Pressure Vessel Code. 
Short-time tensile properties are usable 
in the so-called “elastic temperature 
range’, where time effects and plastic 
flow are insignificant. It is dangerous 
to use such data for design unless the 
service temperature falls below the 
range where creep and other time- 
dependent properties begin to control 
the behavior. The controlling factor is 
indicated by comparison of data ob- 
tained by short-time and long-time 
tests at the temperature of interest. 

The change from low-temperature to 
high-temperature behavior covers a 
range of temperature. Ferritic alloys 
are usually in the high-temperature 
range above 700 F, and austenitic ma- 
terials above 900 F. 

Allowable stresses have been chosen 
and published for the straight chro- 
mium (ferritic) and chromium-nickel 
(austenitic) stainless steels over their 
respective temperature ranges of use- 
fulness by the ASME Boiler Code 
Committee. 


Stress-Rupture Tests 


The most important tests used in 
securing data for high-temperature de- 
sign are creep and rupture tests. They 
are Closely related; both involve testing 
at a constant temperature under a 
constant load. In creep tests, defor- 
mation rates are slow. In rupture tests, 
the loads are high enough to cause 
comparatively rapid rupture. 


Supplements the articles on Cast 
and Wrought Heat-Resisting 
Alloys in the 1948 ASM Metals 
Handbook, pages 562 to 581 
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In stress-rupture tests, a series of 
specimens are broken at each temper- 
ature of interest, under constant load, 
the stresses being selected so fractures 
will occur in times varying from a few 
minutes to several hiindred or thou- 
sand hours. Standard methods are 
published in ASTM Tentative Recom- 
mended Practice E85. Such tests can 
be used for determining not only the 
load-carrying ability, but also the high- 
temperature ductility up to fracture, 
and thus for indicating the susceptibility 
of the alloy to fracture with low duc- 
tility ‘Table II). Such behavior makes 


Table If. Examples of Alloys Having 
Low Rupture Ductility at Elevated 
Temperatures 


Elongation 
AtRoom <At1000-hr 


Tem- Rupture, 
pera- Elevated 
Alloy ture Temp 

1, Mo steel 37 5 at 1000 F 

1', Si-'s Mosteel 35 5 at 1000 F 

25 Cr - 12 Ni stainless 7 at 1200 F 

35 Ni - 15 Cr stainless 46 4 at 1200 F 
A-286 alloy 25 2to6éat 1000F 
Inconel W 25 lto4 at 1200F 
These are typical values which could be 


affected by heat treatment and other proc- 
essing variables 


it necessary to consider the “rupture 
strength” of the material—the stress 
that causes failure at a specified time 
and temperature. 

When the stresses and corresponding 
rupture times for a series of tests at 
one temperature are plotted on log- 
arithmic coordinates, the relationship 
is nearly linear if the alloy has suffi- 
cient stability of both surface and mi- 
crostructure Figure 2 shows stress- 
rupture data plotted on log-log co- 
ordinates for S-590 alloy heat treated 
by water quenching from 2250F and 
aging 16 hr at 1400 F 

The slope of the stress-rupture line 
varies, depending on the test tempera- 
ture and the alloy under test. Usually 
the slope becomes greater as the test 
temperature is increased. If the sur- 
face or microstructure of an alloy is 
unstable, one or more changes in the 
direction of a steeper slope of the lines 
may occur, as shown in Fig. 3. From 
this plot, the rupture strengths for 
specified times such as 10, 100 and 1000 
hr can be determined. 

Rupture strengths indicate whether 
failure may be expected within the 
service life. Guided missiles are de- 
signed for a life as short as one hour 
or less; turbo-jet engines for military 
use are frequently designed for 1000-hr 


Fig. 2. 
Creep 
Heat 


Typical Stress-Rupture and 
Rate Data for S-590 Alloy. 
treatment 2250 F, water 
quench, 16 hr at 1400 F 


p Rate. percent perhr 


IC 10 


/ 


Time to Rupture, hr 


life. Stress-rupture data can some- 
times be used directly in such designs 
where the test period can be as long as 
the life of the part. For commercial 
steam or gas turbines, lives of 10 yr or 
more are guaranteed, with the design 
based on 100,000 hr (13 yr). Since tests 
of such long duration are prohibitively 
expensive, extrapolation of data ob- 
tained during shorter time periods is 
necessary. 

Some stress-rupture lines are not 
quite straight and their slopes may 
increase as the testing periods become 
longer. This makes extrapolation of 
more than one log cycle ‘a factor of 
10) open to considerable question. F 
R. Larson and J. Miller have described 
‘Trans ASME, July 1952) a method 
for combining the effects of time and 
temperature which permits the use of 
higher-temperature tests of reasonable 
duration as a guide to the extrapolation 
of the service temperature data. Using 
the Larson-Miller method, for example, 
the stress that will cause failure in 13 
yr at 1200 F can be predicted with rea- 
sonable accuracy by a test of only 1000- 
hr duration at 1350 F. 


Typical Stress-Rupture Data for S-590 Alloy. 
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1 hr 


A Heat treatment: 

at 2275 F, water quench, 16 to 24 hr at 1400 F for specimens tested at 1400 F 

and below, 16 to 24 hr at 1500 F for tests at 1500 F, 16 to 24 hr at 1350F for 
specimens tested at 1600 through 1900 F 


Even with good quality metal, the 
accuracy of rupture tests is such that 
the rupture life of a given specimen 
may be anywhere from one-half to 
twice the mean value. The probability 
that specimens from any single bar 
will be in error by a significant amount 
is great enough so that single-bar re- 
sults cannot be relieé on. When four 
or five bars are tested, whose results 
when plotted permit good location of a 
line, the stress for a given life can be 
determined to within 

In the early history of the stress- 
rupture test, deformation and the rate 
of deformation were not measured, and 
this simplification was considered to be 
a great advantage over the creep test 
Deformation data are still often con- 
sidered unnecessary. However, in some 
applications, such data are important 
The following lists show applications 
requiring deformation data and those 
requiring only rupture data 

Deformation Data Necessary 
Bolts 
Steam valves 
Steam turbine blading 
Turbine rotors 
Turbine wheels 
Turbine casings 
Valve stems 
R&pture Data Necessary 
Superheater tubes 
Still tubes 
Piping 
Pipe fittings 
Sheet metal parts 
Nozzle guide vanes 
Boilers 

In rupture tests that evaluate alloys 
for applications requiring deformation 
data, deformations are obtained 
throughout the test, as in creep tests, 
and they are called creep-rupture tests 

Rupture strength under condition: 
more complex than simple tension have 
not been thoroughly investigated; the 
engineer should proceed with great 
caution when applying conventional 
stress-rupture data to more complex 
stress conditions 

In any application where there can 


Only 


be notches in a stressed part, the be- 
havior of specimens with the same 
type and size of notches should be 
investigated. A notch as such causes 
a definite increase in stress (stress 
concentration) which is relieved by 
plastic flow to an extent that varies 
with the alloy If the relief is great 
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enough, then the presence of tri-axial 
Stress inhibits further plastic flow and 
strength is increased 

In the stress-rupture 
notched specimen, the loading is in 
simple tension but the stresses pro- 
duced by the circumferential notch are 
tri-axial. It is impossible to predict 
from results on circumferentially 
notched bars whether an alloy will be 
notch sensitive in the form of a flat 
bar with a groove or as a round bar 
with a hole 

Frequently an alloy that is not notch 


test of a 


sensitive at short rupture times, will 
become notch sensitive at somewhat 
longer rupture times, while at still 


longer times it may again become in- 
sensitive to notches. This type of be- 
havior is illustrated by Fig. 4 from 
W. F. Brown, Jr., M. H. Jones and 
D. D. Newman (‘Proc ASTM, 1953). 


| © Smooth 
4 Notched 


120} 


100 1000 


Vl / 10 
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Fig. 4. Typical Rupture Data for 
Smooth and Notched Specimens of 
Haynes Alloy 88 at 1200 and 1350 F 


Some of these changes are probably 
caused by aging or precipitation. 

For elevated-temperature  applica- 
tions where operation under varying 
conditions is anticipated, design be- 
comes more difficult. The effect of 
cycling load or temperature, or both, 
on the life of a part can only be esti- 
mated for most applications. 

Slow temperature cycling above and 
below the mean temperature results in 
shorter rupture life than for steady ex- 
posure at the mean temperature. Wide 
temperature cycles at a rapid rate can 
produce thermal shock. Some jet en- 
gine manufacturers evaluate potential 
blade alloys by alternate rapid heating 
and cooling of actual blade airfoil sec- 
tions, using a high-intensity flame and 
air-blast cooling. The use of strength 
characteristics alone by a _ designer, 
without consideration of the sensitivity 
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of an alloy to rapidly changing envi- 
ronment, can be dangerous. 

Several high-temperature applica- 
tions require special testing techniques 

for instance, the alloy sheet used for 
the skin of a ballistic missile or a ram- 
jet rocket motor. In these, the metal 
is heated very rapidly to a high tem- 
perature while under load, but for a 
very short time. Tests have been made 
on several sheet alloys, with the speci- 
mens loaded cold, heated at 200 to 
400 F per sec to testing temperature, 
maintained constant for the desired 
period, usually less than 5 hr, and de- 
formation measured from the initial 
load-on cold condition. The total in- 
cludes thermal expansion, deformation 


ooooo! oooo! 


Fig. 6. ve 
Versus Creep Deformation for V-36 


Typical Curves of Time 


Alloy Sheet Tested at 1700F 


time-deformation curve is ordinarily 
determined, and from this curve are 
obtained both the times for specified 
amounts of total deformation and also 
the creep rates for specified times. 
Slow deformation at constant load 
and temperature is difficult to measure 
and is affected by slight changes in 
the metal or the testing conditions. 
Accurate and dependable long-time 
creep data can be obtained only by 
careful attention to testing technique, 
particularly temperature control and 
uniformity, and the measurement of 
the deformation. The necessary pre- 
cautions to achieve accurate and repro- 
ducible creep test results are given in 
ASTM Recommended Practice E22. 
Figure 6 shows time-deformation 
curves obtained during creep tests ol 
V-36 alloy sheet at 1700F. The first 
stage is one of decreasing creep rate 
immediately after loading, the second 
stage is characterized by approximately 
constant creep rate, the transition point 
denotes the time at which the creep 
rate begins to increase significantly 
and the final stage is one of rapidly 
increasing rate of creep immediately 
preceding rupture. These stages are 
sometimes difficult to distinguish and 
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Fig. 7. 
High Temperature. 


resulting from the change in modulus 
of elasticity, and the stretch from the 
load both during heating and at max- 
imum temperature. Figure 5 shows 
data for 1-min and 10-min test periods 
for several sheet alloys tested at 1800 F. 


Creep Tests 


A metal capable of large deforma- 
tions may creep and become useless 
because of loss of operating clearances 
or change in shape long before rupture. 
In a creep test, the applied stresses are 
lower than in a rupture test, and fail- 
ure usually does not occur. A complete 


Fig. 5. Curves of Stress Versus Total Deformation for Several Heat-Resisting 
Sheet Alloys Tested for Very Short Times at 1800 F 
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Curves of Stress Versus Second-Stage Creep Rate for S-590 Alloy at 
Heat treatment: 1 hr 2300 F, water quench, 16 hr 1400 F 


may cover extended periods, depending 
on the alloy and temperature. 

A logarithmic plot of stress versus 
creep rate in the second stage usually 
gives a straight line as indicated in 
Fig. 7 for S-590 alloy. These data are 
suitable for interpolation and some ex- 
trapolation for determining stresses for 
specified creep rates, such as 0.00001°; 
per hr. One cannot assume that a rate 
of 0.00001°. per hr is equivalent to 
0.01% in 1000 hr or 1% in 100,000 hr 
A straight-line relationship between 
stress and creep rate in the second 
stage is usually obtained if the alloy 
has enough stability of both surface 
and microstructure under the given 
test conditions; otherwise a break will 
occur in the straight-line relationship, 
in the direction of a steeper slope. 
Thus, extended extrapolations can be 
dangerous. 

Relaxation Tests are a specialized 
type of creep test, used primarily to 
estimate how long a bolt or a shrink 
fit will remain tight. The total strain 
in the tests should correspond with the 
design stress in the parts. Stress is 
then continually lowered so that the 
total strain, elastic plus plastic, re- 
mains constant. In effect, this is a 
gradual substitution of plastic strain 
for elastic strain. Data are usually 
plotted as the logarithm of residual 
stress versus the logarithm of time, so 
that the stress at any desired time can 
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Fig. 8. Design Curves for V-36 Alloy 
Sheet at 1700F. Based on Fig. 6 
and rupture data. Transition line 
indicates where final stage of creep 
begins; numbers adjacent to points 
indicate elongation at rupture. 


be determined and it can be decided 
whether a bolt or joint will stay tight. 

Alloys such as Inconel X, type 550, 
A-286, Discaloy 24, K-42-B, and Re- 
fractaloy 26, which can be heat treated 
to high tensile, yield, and creep 
strengths above 1050 F, give the best 
service as bolting in these temperature 
ranges. Modified 12% Cr alloys are 
used up to aboat 1050F. The more 
common ferritic bolting steels of the 
Cr-Mo and Cr-Mo-V types are out- 
standing for service applications up to 
and including 1000 F, and in this tem- 
perature range are used in much great- 
er tonnages than the more highly 
alloyed materials. 


Design Curves 


In general, the plot of stress versus 
creep rate in the second stage is not 
entirely satisfactory for design, be- 
cause all of the deformation occurring 
in the first stage is neglected, as well 
as the elastic strain. Therefore, many 
designers prefer to combine rupture and 
creep data in so-called design curves. 

Design curves prepared from rupture- 


time data and from the 


creep data 
shown in Fig. 6 for V-36 alloy tested 
at 1700 F are included in Fig. 8. Such 
a plot shows the relation between 
stress and time for rupture, transition 
point, and stress for various amounts 
of total deformation at a single tem- 
perature. The top curve in Fig. 8 is 
the usual stress-rupture time curve 
Below it is sometimes shown a broken 
line which indicates the transition point 
in a creep test—the time at which the 
third or final stage of creep begins 

which serves as a warning that any 
higher stress will have a rapidly in- 


creasing deformation rate leading to 
early failure 
The lower lines‘fh Fig. 8 are for 


amounts of total deformation ranging 
from 0.1 to 3%, including the elastic 
deformation resulting from application 
of the load, as well as the subsequent 
plastic deformation in both the first 
and second stages of creep. These de- 
formation data are scaled from the 
time-deformation curves of both creep- 
rupture and creep tests. Using such 
design curves ‘one for each tempera- 
ture of interest), one can choose the 
stress that will produce not more than 
the limiting allowable deformation in 
the desired life of the part. If cyclic 
temperature conditions are involved, 
stress values should be lowered. 


Impact Tests 


Impact tests at a series of tempera- 
tures will show trends which can assist 
in the selection of alloys for applica- 
tions where impact resistance is needed. 
The impact test specimen and type of 
test should conform as nearly as pos- 
sible with the conditions of service to 
be met. High impact resistance is not 
necessarily indicative of high strength; 
for instance, Cast cobalt-base alloys are 
lower in impact resistance than many 
of the wrought alloys at 1500 F, but are 
equal or superior in strength 


Fig. 9. Effect of Superimposed Dynamic Loading on Low-Carbon N-155 Alloy 


at Various Rupture Times 


Horizontal base line shows mean or static stress 


for rupture at time-temperature combinations indicated. Curves show weak- 
ening effects of increasing superimposed dynamic stress. 
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Fatigue Tests 


Metals fail by fatigue at elevated 
temperatures, just as at room tempera- 
ture. Tests can be made in alternating 
axial stress (tension-tension or tension- 
compression), alternating bending, or 
alternating shear (torsion) either alone 
or superimposed on a static stress. The 
normal test specimen is a fairly rigid 
bar of round cross section but rectan- 
gular sections, wire or sheet, can be 
used to simulate service requirements 

The main items to be considered in 
selecting conditions for elevated-tem- 
perature fatigue testing are frequency 
of the load changes, size of the speci- 
men, stress pattern and temperature 
Frequency within ordinary ranges has 
little effect on fatigue strength, as 
shown by tests up to about 10,000 cy- 
cles per min. This is far short of the 
frequencies of vibration of some high- 
temperature parts--for example, 5,000 
to 10,000 cycles per sec for some turbine 
buckets. As no testing equipment is 
available for such high frequencies, 
comparisons at service frequencies are 
impossible Since fatigue data for 
high temperatures are usually “cycles 
to failure”, frequency merely affects 
the length of the test in hours. Time 
required for a given number of cycle: 
can indirectly affect the results be- 
cause of aging of the alloy—or, if static 
and fatigue stresses are combined, creep 
can become a factor. There is also 
sometimes a size effect; smaller bars 
have a somewhat higher fatigue 
strength. Thus, a test on a 2-in. diam 
bar at 20 cycles per sec could be mis- 
leading if applied to design of a part 
of '.-in. diam stressed at 10,000 cycles 
per sec. 

The effect of rapid fluctuations in 
loading on rupture life of N-155 alloy 


is shown in Fig. 9. At 1350 and 1500 F 
dynamic superimposed loads of 25% 
do not affect the rupture life At 


of dynamic stressing, the 
mean stress for constant life decrease 
until finally, for zero mean stress, the 
fatigue stress for completely reversed 
loading is reached on the vertical axis 
For this N-155 alloy, the effect of 
superimposed dynamic loading is more 
marked at the lower test temperature 
of J200 F than at 1350 and 1500 F 
Figure 10 shows a marked effect of 
dynamic load on Nimonic 80 at 1290 F 
Figure 11 is for G18B alloy, which im- 
proves with the indicated increment: 
of superimposed dynamic load (For 
data on high-temperature fatigue un 


higher level: 


Fig. 10. Effect of Superimposed Dy- 
namic Loading on Fatiqgue-Rupture 
Stress of Nimonic 80 (Composition 
Same as Nimonic 80A, in Table V) 
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Fig. 11. Effect of Superimposed Dy- 
namic Loading on Fatigue-Rupture 
Strength of G18B Alloy (13° Cr, 
13% Ni, 10% Co, 2% Mo, 3% Cb, 
2.5% W, 1% Si, 08% Mn, 04% C, 
rem Fe). Curves show strengthening 
effects of initial increasing super- 
imposed dynamic stress. 


der combined stresses, the reader may 
refer to a paper by B. J. Lazan [Proc 
ASTM, 1952) and _ references cited 
therein.) 

Notch Sensitivity in fatigue is pro- 
nounced and depends on the geometry 
of the notch, the alloy in question and 
the temperature. 

Vibration. Fatigue data can seldom 
be used directly in design. Most ro- 
tating machinery is designed to be in 
balance; resonant vibration is avoided 
or reduced as much as possible. Many 
fatigue problems arise from the fact 
that vibration cannot be eliminated, so 
that some indeterminate amount of 
alternating stress is unavoidable. For 
example, in an aircraft gas turbine, 
buckets are subjected to alternating 
bending stresses which may cause 
vibration, as a result of the buckets 
rotating past the nozzle guide vanes 
which direct the stream of hot gas onto 
the buckets. When alternating stresses 
may become large, the alloy should 
have the best combination of static 
and fatigue strengths. Table XIII, 
page 569, in the 1948 Metals Handbook 
shows fatigue data for some high- 
temperature alloys. 


Table UT. 


ACI Type % Cr ™ Ni 


Table IV. Rupture Strength of Cast Heat-Resistant 
Iron-Chromium-Nickel Alloys 


o-oo - —Stress (psi) for Rupture 

ACI Temp — 1400 F 1600 F 1800 F 2000 F 
Type Hours ~100hr 1000 hr 100 hr 1000 hr 100 hr 1000 hr 100 hr 1000 hr 
HC’ 3,300 2,300 1,700 1,300 1,000 620 
HD . 10,000 5,000 2.500 
HE 11,000 5,300 2.500 
14,000 8,000 6,000 3,800 
HH" 14,000 6,500 6,400 3,800 3,100 2,100 1,500 
14,000 10,000 7.500 4,700 2,500 1.800 1,200 
13,000 8,500 7,500 4,800 4.100 2.600 1900 1,250 
HK . 14,500 9,000 7.800 5,000 4.500 3,000 2,500 
HL 15,000 9,200 5,200 > 
18,000 12,500 8,500 7,000 4,500 3,700 2,500 1,800 
HU . 15,000 6,000 6,000 4,500 2,900 
HW .... 10,000 7,800 6,000 4,500 3,600 2,600 
HX 13,000 6,700 4,000 3,500 2,200 1,700 900 


(a) Values represent constant-temperature operation. 
temperatures, lower values would apply (b) 


(c) Partially ferritic (ASTM B190, type I) 


Damping Capacity. Particularly with 
resonant vibration, damping capacity 
can play a more important part than 
fatigue strength in avoiding fatigue 
failures. If no energy were required to 
maintain a part in vibration (that is, 
if it had zero damping capacity) even 
the smallest force would develop de- 
structive stresses rapidly; only the dis- 
sipation of energy limits vibrational 
stresses, especially the total damping 
of the assembly—that is, the material 
damping, mechanical damping by the 
means of attachment, and aerodynamic 
damping. As in designing for fatigue, 
it is best to make the total damping as 
high as possible whenever possibilities 
of resonant vibration exist. 


Stability 


Stability of surface and microstruc- 
ture are both important. The alloy 
composition for optimum strength is 
not always the best for stability; chro- 
mium, nickel and cobalt contents are 
adjusted to provide satisfactory resist- 
ance to oxidation and corrosion, along 
with acceptable high-temperature 
strength. Oxidation resistance is ob- 
tained by chromium contents of 12% 
or more in the ferritic stainless steels; 
the stronger austenitic chromium- 
nickel steels, and the chromium-cobalt 
and chromium-nickel-cobalt alloys con- 
tain 14 to 25% Cr. 

Resistance to local or grain boundary 
attack and penetration may differ 
among alloys having otherwise satis- 
factory resistance to oxidation. When 
this occurs, strength and ductility may 
be significantly impaired, and the lo- 


Creep Data for Cast Heat-Resistant Iron-Chromium-Nickel Alloys’ 


Stress (psi) for Creep Rate of 0.0001"; per Hr'”’ 


1400 F 1600 F 1800 F 2000 F 

HC» . 28 (4) 1300 750 360 

HD « 5 3500 1900 900 

HE .« we 10 3500 2000 1000 

HF 20 10 6000 3200 
HH : ; 26 12 3000 1700 1100 300 
HH “26 12 7000 4000 2100 800 
HI, 28 15 6600 3600 1900 800 
HK . : 26 20 6800 4200 2700 1000 
HL .. 30 20 7000 4300 
ee » 36 8000 4500 2000 500 
BP se 19 39 8500 5000 2200 600 
HW. 12 61 6000 3000 1400 

HX . 17 67 6400 3200 1600 600 


(a) Values represent constant-temperature operation 
temperatures, lower values would apply. (b) 


(c) Partially ferritic (ASTM B190, type I) 
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If alloys are exposed to cyclic 
Alloy with more than 2.5% Ni and 0.15°; N 
(d) Wholly austenitic (ASTM B190, type II) 


If alloys are exposed to cyclic 
Alloy with more than 2.5°; Ni and 0.15", N 
(d) Wholly austenitic (ASTM B190, type II) 


calized areas of attack are focal points 
for starting of fatigue failure. 

High-temperature alloys differ widely 
in resistance to oxidation and corrosion 
For example, page 571 of the 1948 
Handbook shows oxidation and sulfur- 
corrosion data for commercial heat- 
resistant iron-chromium-nickel cast 
alloys. Considerable differences were 
observed among the various alloys 
Also, the rates of oxidation and corro- 
sion that would be permissible in some 
applications—such as cast furnace parts 
or still-tube supports—might be wholly 
unacceptable in gas-turbine blading 

Even though heat treatments are 
carefully chosen stabilize high- 
temperature alloys as much as possible 
before use, microstructural changes do 
take place during service, and can re- 
sult in lower static, impact and fatigue 
Strengths at high temperature, in- 
creased notch sensitivity, and harmful 
reductions in ductility. The most com- 
monly encountered form of instability 
results from aging or precipitation 
The complete processing history of an 
alloy melting practice, casting and 
forging practice, and heat treatment 
prior to high-temperature service 
can greatly influence subsequent struc- 
tural changes. 

Structural instability can be deter- 
mined by changes in hardness, micro- 
structure, impact properties, fracture 
ductility, magnetic permeability, rup- 
ture, and creep strength. Changes in 
the slopes of curves of stress versus 
rupture time and stress versus creep 
rate are usually the result of changes 
in the stability of the surface or the 
microstructure, or both. 

Figure 3, rupture data for S-590 
alloy reported by N. J. Grant and A. G 
Bucklin (Trans ASM, 1950), illustrates 
slope changes which may occur during 
extended high-temperature testing, 
partly as a result of instability. 


Design Considerations 


The following discussion of design is 
especially pertinent to sand and per- 
manent-mold castings of the iron- 
chromium-nickel alloys. The design 
stress is usually taken as some percent- 
age of the stress that will produce a 
creep rate of 0.0001‘) per hr. Values of 
25 to 50% of this “limiting” creep stress 
are frequently chosen for parts to be 
used at a constant temperature. If the 
casting is repeatedly heated and cooled, 
the allowable stress is reduced to a 
smaller percentage of the- creep 
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Strength at the 
temperature 

Loss of metal from corrosion is usu- 
ally neglected in design, except in alloy 
selection. Maximum penetration rates 
of 0.05 in. per yr or less in the working 
atmosphere and temperature are con- 
sidered low enough. Obviously, corro- 
sion losses are of more concern in thin 
than in thick sections 

Conditions of temperature, support 
and structural complexity all enter into 
the choice of design stress. Stationary 
parts subject to static loading may be 
stressed more highly than moving parts 
carrying impact loads under otherwise 
Similar conditions of temperature and 
atmosphere; parts that are continually 
rotating, such as shafts, can be de- 
signed at even higher percentages of 
the limiting creep stress. Consideration 
must also be given to thermal gradients 
caused by uneven heating and cooling, 
as in furnace hearths or trays carrying 
cold loads, or beams extending into or 
through furnace wall: 

Simple wedge-shaped pieces, com- 
pletely supported and uniformly heated, 
represent the simplest type of structure 
From this ultimate in simplicity, cast- 
ing designs may vary to uniform- 
section parts, uniform sections with 
multiple intersections, nonuniform sec- 
tions, and nonuniform sections with 
multiple intersection For the more 


marimum operating 


complex designs, the effects of thermal 


Table V. 


Mn 


Wrought Alloys 


A-286 0.08 1.25 
Croloy 15-15N 0.15 20 

Discaloy 24 0.04 1.38 
H.R. Crown Max 0.23 O65 
Haynes Alloy 88 0.07 150 
Incoloy I 0.10 10 

S-588 042 15 

Timken 16-25-6 O.10 1 3o 
19-9 DI 0.30 110 
19-9 DX 1 


Wrought Alloys 

K-42-B 005 07 
N-155 O15 15 
Refractaloy 26 0.05 07 
Refractaloy 80 0.10 06 
S-590 042 1.25 
5-816 0.38 120 
V-36 03 09 


Wrought Alloys 

Hastelloy Alloy X 015 

Inco 700 0.10 
Inco 739 O07 005 
Inconel! 004 O35 
Inconel W O04 0.60 
Inconel X 0.03 O5 
Inconel X, 550 
M-252 015 10 
Nimonte 75 012 04 
Nimonic 0.05 070 
Nimonic 90 0.08 0.50 
Waspaloy 0.10 10 


Cast Alloys 
Hastelloy Alloy B 0.10 08 
Hastelloy Alloy ¢ 010 08 


Alloy 
25 (L605) 012 1 


Wrought 
Haynes Alloy 


Cast Alloys 
Haynes Alloy 21 025 0 60 
30 (422-15 0.40 060 
$1 X-4 0 40 0 60 


gradients and conditions of support 
are more difficult to analyze, and the 
selection of conservative design stresses 
is recommended. 


Alloy Data 


Since publication of the 1948 Metals 
Handbook, additional data on iron- 
chromium-nickel cast alloys have be- 
come available, and many new heat- 
resisting alloys have been developed 
Also, several alloys in the 1948 edition 
are no longer made commercially. 

Cast alloys of the iron-chromium and 
iron-chromium-nickel types are avail- 


able in grades corresponding to the 
standard wrought stainless steels, as 
well as in a number of compositions 


not usually obtainable in wrought form 
Heat-resistant castings usually contain 
considerably more carbon than the 
wrought alloys. The strengthening in- 
fluence of carbon contributes to the 
generally superior creep and rupture 
properties of cast alloys, compared with 
wrought compositions of similar chro- 
mium and nickel contents. Also, the 
coarser grain. structure castings 
doubtless contributes to their higher 
creep resistance 

Representative creep and = rupture 
data for the standard cast heat-resist- 
ant alloys are given in Tables III and 
IV, respectively 

Table V lists the chemical composi- 


tions of selected wrought and cast heat- 
resisting alloys and Table VI shows the 
stresses to produce rupture in 100 and 
1000 hr at temperatures between 1200 
and 1800 F, after conventional process- 
ing and heat treatment. The rupture 
strengths are intended only as a guide 
to the relative strengths of the various 
alloys. Since most of the alloys are 
sensitive to variations In processing 
and heat treatment, these data should 
not be used for design purposes 

The first group in Table V lists the 
iron-chromium-nickel alloys. Included 
in this group are alloys such as Timken 
16-25-6 and 19-9DL, which have often 
been used in the “hot-cold worked” ‘at 
1200 to 1400F) condition for turbo- 
supercharger and gas turbine rotors 
This working increases the tensile and 
yield strengths of these alloys. They 
are not substantially hardened or 
strengthened by heat treatments 


Other alloys in this group, such as 
A-286 and Discaloy 24, contain addi- 
tions of titanium and aluminum and 
are heat treatable. These alloys are 
never used in the hot-cold worked 
condition 

The cobalt-containing alloys in the 


second group are intended for higher- 
temperature service than iron- 
chromium-nickel alloys, and are nor- 
mally used in the solution treated or 
solution treated and aged condition 
One type is strengthened by additions 


Nominal Compositions of Heat-Resisting Alloys 


Si Cr Ni Co Mo W 


Iron-Chromium-Nickel Alloys 


lo 14.75 25.5 1.25 

075 16.0 150 155 149 

1.00 13.5 26.2 34 

1.16 23.2 12.3 3.0 

0.50 12.5 15.0 20 06 

20.5 $2.0 

08 184 20.0 40 40 

0.70 16.0 250 60 

060 190 90 125 12 
5 19.2 90 10 12 


Cobalt-Nickel-Chromium-tIron Alloys 


180 30 22.0 

05 210 20.0 200 30 25 
07 180 370 200 30 

O7 20.0 20.0 300 100 50 
04 20.5 200 20.0 40 10 
o4 20.0 20.0 40 40 
05 25.0 200 420 40 26 


Nickel-Base Alloys 


220 450 90 
02 150 490 280 30 
02 15.0 70 
0.20 15.5 76.0 
0.25 150 750 
03 150 73.0 
150 750 
065 19.0 Rem 100 100 
06 20.0 70 
050 20.0 760 
040 20.0 58.0 16.0 
0.75" 19.5 Rem 13.5 4.25 


650 


570 


28.0 
170 40 


Cobalt-Base Alloys 


10 200 10.0 510 150 


060 27.0 30 62.0 50 

060 240 17.0 51.0 60 

060 25.0 100 55.0 80 
5 10.0 54.0 14.5 


Cb Ti Al Fe Other 


210 035""' Rem V025 
105 Rem N O15 
11 oll Rem 
Rem 
06 Rem Bow 
10 Rem 
40 Rem 
Rem NO 
040 O30 Rem 
055 Rem 


25 02 130 
10 Rem N 0.15 
28 02 140 
140 
40 240 
40 40 
2 30 


Rem 
20 30 
17 27 10 
10 
25 70 
06 23 09 65 
06 25 11 65 
25 O87 0 
o4 006 24 
2.3 10 O5 
23 14 05 
2.50 1.25 
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of molybdenum, tungsten and colum- 
bium; the other, which may also con- 
tain some molybdenum, tungsten and 
columbium, has additions of titanium 
and aluminum for greater response to 
heat treatment 

Development of the high-strength 
heat treatable nickel-base alloys such 
as Inconel X, 550; Inco 700; M-252; 
and Waspaloy was accelerated by the 
necessity for new alloys to replace, in 
part, the cobalt-base compositions such 
as 5-816, since the cobalt supply was 
insufficient for the entire U. S. produc- 
tion of jet engines. 

The fourth group lists the cobalt- 
base alloys, cast and wrought. Many 
of the cast alloys have been used for 
turbosupercharger buckets and aircraft 
gas turbine guide vanes and buckets. 

The summary presented as Fig. 12 
shows the curves of stress for rupture 
in 1000 hr versus temperature for many 
of the alloys discussed and their posi- 
tions relative to other commercial and 
experimental alloys. Among the ex- 
perimental materials shown are mo- 
lybdenum alloys, although no adequate 
method has been found for protecting 
them from oxidation at the elevated 
temperatures where they would be most Fig. 12. 
usefully applied for their strength. 


~ 1000 


Stress-Temperature Curves for Rupture in 1000 Hours for Various 
Commercial and Experimental Alloys 


Table VI. Typical Stress-Rupture Properties of Heat-Resisting Alloys 


Stress (1000 psi) to Rupture in 100 and 1000 Hours - : 
1200 F 1350 F 1500 F 1600 F 1800 F 
Alloy 100hr 1000 hr 100 hr 1000 hr 100 hr 1000 hr 100hr 1000 hr 100hr 1000 hr 


Iron-Chromium-Nickel Alloys 
Wrought Alloys 


A 48.0 35.0 21.5 13.8 77 

Croloy 15-15N 18.0 10.0 

Disealoy 24 55.0 41.0 32.0 20.0 15.0 

HR. Crown Max 29.5 24.5 18.5 13.5 

Haynes Alloy 88 59.0 49.0 42.0 31.0 25.5 16.0 13.5 
Incoloy T 33.0 26.1 20.1 14.7 10 7.0 

S-588 410 30.0 25.0 18.0 15.0 10.0 

Timken 16-25-6 450 34.0 25.0 17.0 13.5 90 

19-9 DL 52.0 38.0 28.0 19.0 17.0 10.0 

19-9 DX 


Cobalt-Nickel-Chromium-tIron Alloys 
Wrought Alloys 


K-42-B ; 66.0 40.0 37.0 270 17.5 110 : 
N-155 50.0 40.0 310 24.0 18.0 13.0 12.0 8.0 5.0 2.5 
Refractaloy 26 80.0 63.0 51.0 38.0 270 18.0 
az S-590 48.0 38.0 30.0 22.0 22.0 16.0 12.5 90 5.6 3.5 
S-816 60.0 45.0 36.0 : 24.0 17.5 14.0 9.5 5.5 3.0 
V -36 ree 35.0 26.5 23.0 18.0 15.0 11.0 8.5 5.0 


Nickel-Base Alloys 
Wrought Alloys 
Hastelloy Alloy X - 445 30.5 26.0 


18.5 15.5 10.0 

Inco 700 an ae 73.0 60.0 42.0 30.0 28.0 18.5 65 3.5 

Inco 739 34.0 20.0 19.0 110 5.3 
: Inconel 22.0 145 105 68 5.7 37 4.2 2.7 2.5 16 
’ Inconel W 40 54.0 450 30.0 19.0 115 738 48 3.2 tees 
by Inconel X 80.0 68.0 48.0 38.0 28.0 18.0 18.0 90 3.3 2.3 

Inconel X, 550 34.0 210 18.0 10.2 33 

M-252 - 52.0 35.0 29.0 18.0 16.0 10.0 

Nimonie JA 67.3 56.0 48.0 36.0 24.0 15.5 14.0 85 

Nimmonie $0 76.1 63.0 50.6 38.0 28.0 17.9 ub 

Waspaloy 7 57.5 re 31.5 20.0 19.5 

Cast Alloys 

Hastelloy Alloy B 510 40.5 35.0 25.5 185 12.7 ; ; 

Hastelloy Alloy C ‘ 49.5 425 32.0 25.0 19.6 145 13.2 9.2 


Cobalt-Base Alloys 
Wrought Alloy 


Haynes Alloy 25 (L605) 700 58.0 43.0 


33.0 23.0 17.0 15.5 10.5 70 3.8 


Cast Alloys 


or « 94 70 
Haynes Alloy 21 510 442 32.0 22.0 22.0 142 16.7 13.2 f q 
30 (422-19) 47.0 36.0 28.6 21.7 15.8 14.8 10.0 1 
31 (X-40) 55.0 46.0 45.0 33.0 28.4 23.4 21.0 180 113 18 
36 weds 48.0 415 29.0 5.5 5 
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Nodular Cast 


By the ASM Committee on Nodular Iron 


NODULAR cast iron, also known as 
nodular graphite iron, ductile iron, 
spherulitic iron, spheroidal graphite 
iron and SG iron, is cast iron in which 
the graphite is present as tiny balls or 
spherulites of characteristic structure, 
instead of as flakes, as in gray iron, or 
compacted aggregates, as in malleable 
iron (Pig. 1) 

The total carbon content of nodular 


iron is the same as in gray iron. 
Spherulitic graphite particles form 
during solidification of nodular iron 


because of the presence of a few hun- 
dredths of 1% of magnesium, cerium 
or certain other elements in the molten 
iron just before casting. The discovery 
of the effectiveness of these agents was 
first announced in 1948, and patents 
have been granted in the United States, 
England and many other countries. 
With either the magnesium or cerium 
method, the final sulfur content of the 
iron must be below about 0.015‘. for 
the treatment to be effective 

A variety of matrix structures can be 
obtained by alloying or heat treatment. 
Of the many combinations of mechan- 


ical properties, ASTM specifications 
cover two commercial grades, desig- 
nated as 60-45-10 and 80-60-03 ‘(Table 


I). The three numbers in the designa- 
tion refer to minimum tensile strength 
in 1000 psi, minimum yield strength in 
1000 psi, and minimum elongation in 
respectively. 


Processing 


The composition and fluidity of the 
melt permit formation of spherulitic 
graphite in sections from '« to 40 in.; 
thus, castings of complex shape can be 
produced with desirable combinations 
of strength and ductility. A variety of 
mold materials have been used success- 
fully—green sand, dry sand, shell molds, 
and permanent metal molds as used 
in centrifugal casting of pipe 

Stress Relieving at 1000 to 
generally applied to castings 


1050 F is 
having 


This subject 
the 


is not dealt with in 


1948 ASM Metals Handbook 


abrupt changes in section that cause 
residual stresses during cooling in the 
mold. The castings are sometimes 
cooled to below 750 F before being re- 
moved from the furnace. This heat 
treatment causes only slight changes in 
the mechanical properties of pearlitic 
or ferritic irons; temperatures above 
1100 F will decrease hardness and 
strength and increase elongation 
Ferritizing Anneal. The amount of 
ferrite in the as-cast matrix depends 
on composition and rate of cooling, and 
may approach 100°, which gives max- 
imum ductility, toughness and machin- 
ability. The matrix can be completely 
ferritized by holding at about 1300 F 
for 1 to 5 hr, depending on the compo- 
sition, section size and amount of pearl- 
ite in the as-cast structure, followed by 
cooling at any convenient rate If 
primary carbides are present, they are 
converted to spheroidal graphite by 


Table I. 


Class or 


Specification Grade'*’ 


Usual 
Condition psi psi 


heating at 1600 to 1700 F for 1 to 5 hr. 
Slow cooling (25 to 100F per hr) to 
about 1275 F and holding for 3 to 5 hr, 
converts the matrix to ferrite. These 
treatments will produce iron softer 
than 190 Brinell, with tensile strength 
60,000 to 75,000 psi, yield strength 45,000 
to 55,000 psi, and elongation 10 to 25% 
Pearlitic and Martensitic Structures. 


If higher hardness and strength are 
required, nodular iron may be heat 
treated Pearlitic structures are ob- 


tained by air cooling from 1600 to 1650 
F. ‘(Some ferrite may be formed if the 
metal is held at 1400 to 1500F after 
austenitizing, and then cooled in air.) 
Martensite is produced by quenching 
in oil or water from 1600 to 1700F. 
Response to tempering depends on the 


as-quenched structure, which is con- 
trolled by section size and harden- 
ability, as in steel. The effect of tem- 


pering temperature on tensile and yield 
strengths, hardness and elongation 1s 
given in Fig. 2 

Hardenability depends on the carbon 
and alloy contents of the matrix; end- 
quench hardenability curves are similar 


to those for medium-carbon steels of 
similar alloy content Austenitizing 
nodular iron at higher temperature 


Summary of Principal Specifications for Nodular Iron 


Minimum 
Flongation 
in 2in., 


Minimum 
Yield 
Strength, 


Minimum 
Tensile 
Strength, 


Society of Automotive Engineers 


AMS 5315'" Annealed 60,000 45,000 
AMS 5316'” As cast 80,000 60,000 3H 
American Society for Testing Materials 
A339-51T 60-45-10 Annealed 60,000 45,000 10 
A339-51T 80-60-03 As cast 80,000 60,000 3 
Military 
MIL-I-17166A'"’ Annealed 60,000 40,000 15 
MIL-I-11466 1(120-90-02) 120,000 90 000 2 
MIL-I-11466 21 100-75-04) 100,000 75,000 4 
MIL-I-11466 3185-60-06) Heat Treated 85,000 60,000 6 
MIL-I-11466 4( 80-60-03) As cast or HT 80,000 60,000 3 
MIL-I-11466 5160-45-10) Annealed 60,000 45,000 10 
MIL-I-11466 6160-40-18) Annealed 60,000 40,000 18 


(a) The 
psi, minimum yield strength in 1000 psi 
ib) Chemical requirements are as follows 


(extended to 28 in castings below ', in 


max P. (c) When test specimens are taken directly 
is 10°). Specified hardness maximum is 190 Brinell 
directly from castings, minimum elongation ts 2°; 
Brinell. te) Minimum ferrite content of 90°, 


ness maximum is 190 Brinell 


2.5 max Si; 0.08 max P; carbon equivalent, 45°, 
applicable only to castings having section 
quenched, and tempered (g) 


Fig.1. Nodular Iron (Left); Gray Iron (Center); Malleable Iron ( Right). 


three numbers in the designation refer to minimum tensile 
and 
32to 40 
thick, provided P is held to 0.05" 


Chemical requirements are as 


trength in 1000 
respectively 
lJ to 25 Si 
max), 0.08 
minimum elongation 
specimens are taken 
range is 202 to 26% 
required in microstructure Specified hard- 
follow 30 min total C 
(Carbon equivalent limit 1 
over.) (f) Normalhzed or oil 


minimum elongation in 
total C; 08 max Mn 


from castings 
When test 
Specified hardne 


max 
of 2 in. or 


Normalized and tempered 


All » 66 
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(for instance, 1750 instead of 1550 F) 
gives higher hardenability because of 
increased solution of carbon from the 
matrix. Pearlite is the most favorable 
matrix structure prior to heating for 
quench-hardening. If the prior struc- 
ture is ferrite, more time is required 
for solution of carbon during austeni- 
tizing. The maximum hardness of as- 
quenched nodular iron is lower than 
for steels, because of the soft graphite. 
For service involving wear resistance, 
nodular iron can be flame or induction 
hardened to Rockwell C53 to 58, with 
the microhardness of the matrix equiv- 
alent to Rockwell C63 to 65. 
Machinability of nodular iron is su- 
perior to that of gray irons of similar 
hardness (and lower strength). Re- 
sults of comparative lathe turning tests 
are shown in Fig. 3. The best results 
were obtained with an annealed nod- 
ular iron and an annealed gray iron, 
which produced about the same tool 
life. However, the nodular iron was 
considerably harder and stronger than 
the gray iron, The cutting speeds for 
as-cast gray irons were about thé same 
as for as-cast nodular iron of similar 
hardness but higher strength. 


Engineering Properties 


Engineering properties of nodular 
irons depend on chemical composition 
and heat treatment as they affect the 
microstructure of the matrix and, to a 
minor degree, on the quantity and size 
of graphite spherulites. 

Ferritic Irons, as considered here, are 
those having a maximum of 10% pearl- 
ite in the microstructure and can be 
produced as cast or by annealing irons 
containing pearlite with or without 
massive carbide. By appropriate choice 
of alloy content (particularly silicon) 
and manufacturing variables, the me- 
chanical properties of ferritic irons 
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Fig. 2. Effect of Tempering Tem- 


perature on Mechanical Properties 
of a Single Nodular Iron 
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Fig. 3. Comparisons of Carbide Tool Life in Machining Three 
Gray Irons and Four Nodular Irons. 
signify elongations of the nodular irons in standard tension tests. 


can be varied within the ranges shown 
in Table IT. 

Pearlitic Irons can be produced as cast 
or by normalizing. The significant var- 
iables affecting the mechanical proper- 
ties are: amount of pearlite, fineness 
of pearlite, chemical composition and 
tempering cycle. Because the cooling 
rate from 1600F affects the first two 
variables, pearlitic irons are sensitive 
to section size; heavy sections are 
softer and more ductile than light sec- 
tions; composition must be adjusted to 
the section size. The properties of 
pearlitic irons can be varied within the 
ranges shown in Table IT. 

Quenched Structures, whether mar- 
tensitic or bainitic, are usually tem- 
pered. Irons with tensile strength of 
about 200,000 psi and hardness about 
440 Brinell have low ductility. Ductil- 
ity increases with decreasing tensile 
strength and hardness (Table II). 

Austenitic Irons are highly alloyed 
types which retain their austenitic 
structure down to at least —75F. Re- 
frigeration below this temperature will 
partially transform these to martensite. 
These irons are of interest because of 
their corrosion resistance and creep 


Table I. 


properties at elevated temperatures. 


Tensil 


tween te 
shown in Fig. 
annealed 
from 130 to 275 
normalized and quenched and tempered 
conditions over the range from 200 to 


400 Brir 
strength 


T 
] 
3/60 = 
Q + + 
6/40 
9 + 
> 
150 200 250 300 350 400 
Brineli Hardness Number 
Fig. 4. Relation of Tensile Strength 


to Brinell 


Trons, 


(Broken Line), and Normalized, and 


Quench 


Mechanical Properties of Basic Types of Nodular Iron 


Tensile 
Alloy Strength, 
Type Content psi 
Ferritic Low 55,000 
Ferritic High» 90,000 
Pearlitic Low 80,000 
Pearlitic 130,000 
Pearlitic 130,000 
Quenched 100,000 
Quenched 150,000 
Austenitic (ec) 60,000 
Austenitic .. .(d) 60,000 
(a) If achieved by silicon, impact will be impaired 
2.50% Si, 20.0% Ni, 2.0% Mn (d) 3.00% C, 2.0% Si, 20.0 


Percentages in parentheses 


e Strength. The relation be- 
nsile strength and hardness is 
4 for the as-cast and 
conditions over the range 
Brinell, and for the 


1ell. The K_ factor 
divided by Brinell 


(tensile 
hardness 


Nodular 
Annealed 


Hardness 
Cast and 


of 


AS As 


ed & Tempered (Solid Line) 


Yield Elongation Brinell 
Strength, m 2 in., Hardness 
psi % Number 
35,000 25 130 
70,000 12 210 
60.000 10 200 
90,000 7 275 
110,000 2 275 
80,000 10 215 
130,000 2 320 
30,000 40 130 
40,000 10 160 
(b) Normalized (c) 300% 
% Ni, 1°% Mh, 1.5% Cr 
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Fig. 5. Stress-Strain 
Nodular Irons (1-In 


Curves of 
Y-Blocks/) 


number) is about 415 for the as-cast 
and annealed conditions and about 475 
for normalized or quenched and tem- 
pered irons at hardness higher than 
about 300 Brinell. The approximate 
ratio of yield strength to tensile 
strength for the various conditions is: 

As cast 

Annealed 

Normalized 

Quenched and tempered 


0.60 to 0.75 
0.75 to 0.90 


Elongation in excess of 10%, as cast, 
can be obtained in castings 3/16 in. 
thick using unalloyed nodular iron. In 
alloy nodular iron, ductility decreases 
with decreasing section size and in 
sections of about ‘4 in. becomes very 
low because of fully pearlitic structures. 
Sections less than about % in. thick in 
alloy nodular iron are likely to contain 
primary carbide. Castings involving 
sections 6 by 6 by 's in. or 3 by 3 by 
116 in. can be cast but require heat 
treatment for ductility and machin- 
ability. Precision castings are there- 
fore limited, if used as cast, to sections 
of about 3/16 in. in unalloyed nodular 
iron and about '; in. in alloyed iron. 

Modulus of Elasticity. Typical stress- 
strain curves for several types of nod- 
ular iron in tension are shown in Fig. 
5. The modulus of elasticity is from 21 
to 25 million psi, and is not much 
affected by heat treatment. 


Impact. Charpy notched-bar impact 
rei 
o Ferritic 
Pearlitic 
a 


Pearlific 


+ + 


Specimens + 


Innotched 
40 50 € 70 8 , ) HO 120130 
Tensile trength, 10 )0 psi 
Fig. 6. Fatigue Data for Nodular 
Irons. Top: Relation between un- 
notched and notched’ specimens. 
Bottom: Ratio of fatigue limit to ten- 


sile strength for unnotched specimens 


Table III. 


Property 800 F 1000 F 


Tensile strength, 
1000 psi 
Elongation in 2 


55 to 85'") 


in.. %... lto3 2to6 


Stress, 1000 psi, to pro- 
duce a min creep rate 
of 0.0001% per hr ..... 11 to 22 


Tensile Properties of Nodular Iron at 800, 1000 and 1200 F 


Grade 80-60-03 


Short-Time Tension Tests 


33 to 50°") 


Creep Tests 


Grade 60-45-10 
1000 F 


1200 F 


1200 F 800 F 


10 to 12)” 
10 to 20 


40 to 45°" 23 to 
8to 15 4to 10 


15 to 25'*"' 


8 to 16 


Stress-Rupture Tests 


Stress, 1000 psi, 
Stress, 1000 psi 
(a) 
pearlite and ferrite 
amount of data available 
more than 0.55, Mn, 0.06% 


. 40 to 54 7 
30 to 40 9.1" 


100 hr 
1000 hr 


(d) 
P and 05% 


Important 
Cu 


this creep stress is lower; nodular iron with 0.4% 


values for ferritic nodular iron above 
the transition temperature are in the 
range 10 to 17 ft-lb, depending on the 
structure and total content of silicon, 
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phosphorus and manganese. _ Silicon 
should be kept below about 2.5%, phos- 
phorus below about 0.08, and man- 
ganese below about 0.50°) for maximum 
toughness. Massive carbides and pearl- 
ite also raise transition temperature. 
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Fig. 7. Rate of Growth of Nodular 
and Other Irons for Short Times at 
1650 F. Specimens were heated to 
1650 F, held 1, 2, 4, 8 and 22 hr, fur- 
nace cooled and measured (Eagan) 


40 on” 
38to48 30 to 35 we 33to34 
24to29 25 to 27 75° 22 


Range caused by variations in chemical composition and the relative amounts of 
(b) Range caused by variations in chemical composition 
These values are for 
When manganese and phosphorus are lower, 


ic) Small 
nodular tron containing 


Mn, 0.017% P, 0% Cu gave 8500 psi 


Fatigue. Figure 6 shows the relation 
between fatigue ratio ‘ratio of fatigue 
limit for unnotched specimens to ten- 
sile strength) and the tensile strength 
of ferritic and pearlitic irons. The 
fatigue ratio decreases as_ tensile 
strength increases for both types of 
iron, but pearlitic iron has higher 
fatigue limit than highly alloyed fer- 
ritic iron of the same strength. The 
fatigue notch factor ‘the ratio of the 
fatigue limit for unnotched specimens 
to fatigue limit for notched specimens) 
increases with silicon content for both 
ferritic and pearlitic irons. However, 
Silicon decreases the notch fatigue of 
pearlitic irons. In Fig. 6 the ratio is 
plotted against tensile strength; the 
curve reaches a maximum at about 
85,000 psi tensile strength. 

Resistance to Oxidation. In a heating 
test for 100 24-hr cycles ‘each cycle, 
4 hr to heat to 1750 F, 7 hr at 1750F, 
13 hr furnace cool to between 600 and 
700 F) both commercial grades of nod- 
ular iron showed oxide penetration at 
the rate of 05 in. per yr. Class 40 
gray iron was completely oxidized in 
45 cycles (rate, 1.5 in. per yr) Nod- 
ular iron containing 6% Si oxidized 
about one-tenth as rapidly as the nor- 
mal grades; however, 6° Si iron is 
brittle at room temperature; 4% Si 
has been used as a compromise between 
oxidation resistance and ductility 

Resistance to Growth. Figure 7 shows 
the resistance to growth of several 
types of iron in a 36-hr test (T. E 
Eagan, Foundry, Dec 1950) In tests 
of longer duration (6696 hr at 1000 F) 
the ferritic grade of nodular iron ‘60- 
45-10) showed only about one-tenth 
the growth exhibited by the pearlitic 
grade (80-60-03). The difference is 
caused by graphitization of pearlite in 
the 80-60-03 iron, rather than by any 
significant difference in oxidation re- 
sistance. Growth of flake graphite 
irons was 036 to 0.54 in., compared 
with 0.027 and 0.24 in., respectively, for 
the ferritic and pearlitic nodular iron 

Properties at Elevated Temperature. 
Short-time tensile strength shows a 
slight decrease up to about 600 F, and 


then falls off more rapidly with in- 
creasing temperature; at 900F the 
iron retains about 50° of its room- 


temperature strength. Simultaneously, 


the ductility decreases mildly and 
reaches a minimum at about 900F, 
after which it increases rapidly. The 


ranges of properties at three tempera- 
tures are given in Table III 
There is some evidence 


that the 


manganese and copper should both be 
phosphorus 


above 05% and above 
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0.06% in ferritic nodular trons to main- 
tain strength at elevated temperature. 
For example, an iron containing 0.4% 
Mn and 0.017% P had a limiting creep 
strength of only 8500 psi at 800 F. Op- 
timum creep resistance is obtained 
with molybdenum alloyed iron. 

Corrosion Resistance. In atmospheric 
corrosion tests nodular iron is similar 
to gray iron. 

Physical Properties of nodular iron 
are listed in Table IV. 

Application. Current uses of nodular 
iron based on strength and toughness, 
wear resistance, pressure tightness and 
heat resistance, include the following, 
by industries. 

Aeronautical Jet-engine burner support 
rings and jet-engine mounts. Agricultural 

Tractor and implement parts. Aluminum 

Pouring troughs. Automotive and Diesel 

Crankshafts, pistons and cylinder heads 
Cement—-Kiln girth-gears and pinions 
Electrical— Fittings, explosion-proof switch 
boxes, motor frames, end plates, and 
circuit-breaker parts Glass—-Molds and 
plungers. Heavy Machinery —-Forging ham- 
mer anvils, cylinders, guides, control lev- 
ers; press crowns, gears, and die shoes on 
heavy presses 

Marine —Tanker piping. compressor shells, 
staging clamps, and anchor-chain connec- 
tion links. Mining Hoist drums, drive pul- 
leys, flywheels, elevator buckets, elevator- 
car guide brackets, sintering grates and 
drag-line gears Paper and Pulp—Anti- 
deflection, calendar and suction rolls; pulp- 
dehydrator conveyor screws and cages; 
press swing-arms and beater drive-gears. 
Petroleum— Bubble caps, butane valve bod- 
ies, natural-gas line valves and pressure 
reducers, walking-beam center bearings 
and compressors. Steel Mill—Work rolls, 
table rolls and bearings, cooling-bed lifter 
bars, straightening screws for tubing, fur- 
nace doors, heat treating car-wheel bear- 
ings, coke-querching car doors and plates 
Tool and Die—Wrenches, levers, handles, 
clamp frames, lathe face-plates, chuck 
bodies, miscellaneous dies for shaping steel, 
aluminum, brass, bronze and titanium 


Table IV. Physical Properties 
of Nodular Iron 


Grade Grade 


Property 80-60-03 60-45-10 


Electrical Resistivity 
Microhm-em at 73.4 F (23.0 C) 


2.5% Si 578 
3.1° Si 68.0 66.5 
40% Si 72.7 


Magnetic Properties (3.1% Si in Iron) 
Peak induction, B — 10,000 gauss 


Peak Hl, oersteds 300 80 
Residual gauss 1000 6000.0 
Coercive force, H., 

oersteds 6.6 1.7 
Hysteresis loss, 

w-sec cycle Ib 01234 0.0348 

Same for B — 15,000 gauss 

Peak H 244.0 156.0 
Residual By 62000 6200.0 
Coercive force 75 2.0 


Hysteresis loss 02009 0.0439 


Maximum permeability 


For 5700 gauss 470.0 
For B 5600 gauss 1780 
Thermal Properties 
Conductivity, 
cal /sqem em °C sec 0.0741 0.0825 


Expansion Coefficient, 


in. in °F, both grades 
68to 212 F 60to64 « 10° 
68to 392F 65 to 10° 
68to 752 F 72to73 « 10° 
68 to 1112 F 7.5 =« 10° 


Damping capacity is between those of cast 
iron and mild steel; density, Ib per cu in., 
0.257; Ib per cu ft, 444; melting range, 2050 


to 2150 F; specific gravity, 7.1 
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Applications of Aluminum 
and Aluminum Alloys 


By the ASM Committee on Aluminum 


THIS ARTICLE supplements the 
1948 Metals Handbook by summarizing 
briefly the main developments in the 
aluminum industry since 1948 and by 
describing in more detail the applica- 
tions of aluminum in the principal 
consuming industries. 

Immediately following this article, 
property data are presented for six 
aluminum alloys that have gained ma- 
jor industrial importance since 1948. 
Briefer tabulations are given for 14 
additional commercial alloys. 

Compositions, properties and heat 
treatments of all alloys referred to in 
this Supplement are given either on 
pages 811 to 840 of the 1948 Handbook 


or pages 60 to 63 here. Temper desig- 
nations are defined on pages 808 and 
809 of the 1948 Handbook. 


1918 to 1953 


Production of aluminum in 1953 was 
the greatest ever recorded. Trends are 
defined in Fig. 1 and Table I. 

Bauxite mines have been opened in 
Jamaica to supplement domestic and 
South American supplies. Additional 
bauxite reserves have been examined 
in Haiti and arrangements completed 
for their development. With few ex- 
ceptions, new reduction facilities have 
employed natural gas or lignite for 


Thousands of Short Tons 


8 
\ A 
2 \ “Exports 
\ \ 
\ 
titi tir wir L 
1920 1925 1930 1935 1940 1945 1950 1955 
Fig. 1. Trends in Imports, Exports and Appar- 
ent Consumption of Aluminum, 1920 to 1953 
power generation. Alumina and reduc- 
tion plants located in the Louisiana 
Subdivisions Page and Texas region are close to natural 
53 fuel sources, and the overland ship- 
Automotive ................ 55 ment of both bauxite and alumina is 
oa? 56 reduced to a minimum. The principal 
advance in reduction technique has 
Marine ..............++++55 56 been the trend to the Séderberg con- 
errr 57 tinuous electrode. 
PR rer 58 Notable progress has been made in 
58 large extruded and forged shapes. In- 
Construction ............... 58 tegrally stiffened shapes produced by 
Miscellaneous .............. 59 Table I. Aluminum Consumption, 1953 
Properties (See also Table, page 763, 1948 Handbook) 
Al-1.2 Mn-1.0 Mig .......-. 60 Transportation (land, sea, air) . 28% 
61 (Automotive, 12%) 
Mg ~0.4 Electrical and communications il 
Al-9 Si-3.5 Cu-0.8 Mg - (Conductors, 5% ) 
RS ee 62 Construction and building materials. 18 
: Chemicals and paint . 2 
Al - 10.0 Cu - 4.0 Si-0.3 Mg.. 62 Machinery (nonelectrical) 12 
Al-3.8Mg-18Si .......... 62 Containers and packaging 4 
63 Ferrous and nonferrous metallurgy 5 
(Destructive uses) 
Miscellaneous ; 7 
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extrusion, forging and rolling have per- 
mitted simplified fabrication, higher 
strength-weight ratios and reduced 
cost. The benefits of integrally stiff- 
ened products are closely allied to 
newly developed straightening tech- 
niques of high precision and to spe- 
cialized machine tools for shaping large 
aircraft components. 

Close-tolerance castings produced by 
investment methods ‘(both plaster and 
“lost wax” casting) have increased in 
use since 1948. 

Continuous roll forming and welding 
equipment now produces thin-wall tube 
at lower cost than methods previously 
employed. Clad pipe is as easy to 
make as bare pipe, and the machine is 
adaptable to the entire range of most 
useful sizes. 


Aircraft Applications 


Aluminum is used in every segment 
of the aircraft industry—in airframes, 
engines, propellers and accessories 
Virtually all commercially available 
aluminum alloys are utilized. 

Nominal properties of the most used 
aluminum alloys are tabulated in great 
detail in the 1948 Metals Handbook, 
pages 810 to 840. Minimum values for 
use in aircraft design are published in: 
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Supplements the Aluminum 
Section of the 1948 ASM Metals 
Handbook, pages 761 to 840 


Government identi- 
prop- 


pares 


specifications, as 
fied by item A4 in each of the 
erty tabulations on Handbook 
810 to 840 

The Aeronautical Materials Specifica- 
tions (SAE) 

Bulletin ANC-5, “Strength of Metal 
Aircraft Elements", Subcommittee on 
Air Force-Navy-Civil Aircraft Design 
Criteria of the Munitions Board Air- 
craft Committee, U. S. Govt Printing 
Office, June 1951 


Most of the nominal values for me- 
chanical properties given in the 1948 
Handbook are 10 to 15% higher than 
the minimum guaranteed values listed 
in the above publications 

Properties at Elevated Temperature. 
Aluminum alloys are used in aircraft 
structures up to 500F. Such tempera- 
tures may be encountered (‘during 
flight) in engine components, heater 
ducts and areas where engine exhaust 
impinges, or from aerodynamic heating 

The elevated-temperature properties 
tabulated on Handbook pages 810 to 
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Effect of Temperture on Tensile Properties of Clad 


24S-T3 and Clad 75S-T6 Sheet 0.040 In. Thick {A. E. Flanagen, 
L. F. Tedson and J. E. Dorn, Trans AIME, 171, 213 (1947)| 


840 are the lowest strengths obtained 
during 10,000-hr holding at testing tem- 
perature. These numbers have little 
significance to the aeronautical design 
engineer except to give an indication 
of general trends The results of 
creep-rupture and short-time elevated- 
temperature tests are useful 
Such data for clad 24S-T3 and 75S-T6 
are presented in Fig. 2, for the usual 
testing rates of about 0.002 in. per in 
per min, or approximately 20,000 psi 
per min. At higher rates, up to 100,000 
psi per sec (6,000,000 psi per min), 
marked increases in properties are ob- 
served for some alloys. The increases 
in yield strength at 500F when 2458- 
T4 and 75S-T6 are tested at 1000 psi 
per sec and 100,000 psi per sec are 12.9 
and 25.3', respectively. (Battelle Me- 
morial Inst Pub G-1273, 1950.) Fatigue 
strength follows tensile strength 

Low-Temperature Properties. All air- 
craft should be designed for operation 
at 65 F:; where liquefied gases are 
used as propellants, temperatures as 
low as 300 F are encountered For 
these temperatures, almost any alumi- 
num alloy can be used. Yield strength, 
tensile strength and modulus of elas- 
ticity usually show a substantial in- 
crease with decreasing temperatures; 
elongation and impact strength remain 
constant or decrease slightly. Typical 
data are given on Handbook pages 212 
and 213 Additional information 1s 
available in “Literature Survey on the 
Low-Temperature Properties of Met- 
als”, by A. E. White and C. A. Siebert, 
Edwards Bros, Ann Arbor, Mich, 1947, 
and “Mechanical Properties of Metal 
at Low Temperatures”, Nat Bur Stds, 
Cire 520, 1952 

Corrosion Resistance is important for 
many aeronautical applications; it may 
be the primary design requirement, as 
in containers for fuming nitric acid, 
or a secondary attribute, as when re- 
sistance to salt water corrosion 1s 
needed for shipboard aircraft The 
basic theory and corrosion behavior of 
aluminum alloys are described on 
Handbook pages 791 to 797 

White fuming nitric acid, a common 
fuel for rocket motors, is usually con- 
tained in 2S alloy for storage and han- 
dling on the ground; in flight, 615-T6 
is used. Corrosion rates are given in 
Table IT. 

Increased resistance to salt water 
corrosion and other atmospheres is 
secured through the use of clad alloys 
or anodic coating: The exterior of 
aircraft exposed to salt water environ- 
ment is usually fabricated from clad 
alloys Anodized bare stock success- 
fully resists corrosion when only occa- 
sional salt water exposure is encoun- 
tered. In these applications, the cor- 
rosion resistance may also be improved 
by organic finishes 

“Water storage tanks are often made 
Table 1. Corrosion of Aluminum Alloys 

in White Fuming Nitric Acid 


Corrosion Rate 
in per yt 

Room 
Alloy mperature 160 F 
0 028 
0 034 
0.132 
0.078 
0 036 
0 032 
0.039 


0 000048 
0 00056 
0 
0 000012 
0 
OOOO16 


28-0 
14S-T6 
24S-T6 
525-0 
528-154 
615-0 


61S-T6 000012 
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Table IIT. 


Minimum Specification Values for Aluminum Alloy Hand Forgings 


(Abridged from AMS 4135 and 4139) 


Cross Longitudinal Long Transverse 
Sectional Yield Tensile EFlong, Yield Tensile Elong, 
Area, Strength, Strength, in Strength, Strength, in 
sq in psi psi 4D psi psi 4D 
1458-76 Alloy 
To 16 55,000 65,000 10.0 55,000 62,000 40 
16 to 36 53,000 65 900 90 53,000 62,000 30 
36 to 144 50,000 62,000 70 50,000 59,000 2.5 
144 to 256 48,000 60,000 5.0 48,000 57,000 15 
Alloy 
to 16 62,000 73,000 8.0 61,000 73,000 3.0 
16 to 36 59,000 71,000 6.0 58,000 69,000 2.0 
36 to 144 58,000 69 000 3.0 56,000 67,000 10 


of clad 61S to improve resistance to 
pitting corrosion and to match the 
color of surrounding structural ele- 
ments of clad 24S and 75S in commer- 
cial transports. 

Fabrication. The first requirement 
of any aircraft component is high- 
quality workmanship. Deep scratches, 
dents, undercuts and similar defects 
accelerate fatigue failures. To reduce 
handling defects, most clad products 
are coated with a strippable protective 
plastic film or “shop coat”. 

Alloy A17S rivets driven cold in the 
fully heat treated condition are used 
extensively. 17S and 24S rivets of 
higher shear strength must be driven 
within 1 to 2 hr after quenching or 
refrigerated until used. They are used 
only where absolutely necessary be- 
“ause of the added difficulty in driving. 

Inert-gas-shielded tungsten-arc weld- 
ing is supplanting gas welding. Advan- 
tages are higher welding speed and 
elimination of flux with its attendant 
removal problems. Control of the 
torch, for delicate work, is equal to 
that of gas welding. The welding cur- 
rent is usually ac with high-frequency 
stabilization; a foot control for am- 
perage has proved very useful, espe- 
cially in eliminating craters when stop- 
ping. Inert-gas-shielded welding with 
a consumable electrode is gaining favor 
rapidly om thicknesses over '« in. 

In aeronautical applications, alloys 
high in copper and zinc are not fusion 
welded because of hot cracking and 
impairment of corrosion resistance. 
Thus, two of the most widely used 
alloys, 24S and 75S, are not considered 
weldable. However, the alloy 61S is 
satisfactorily weldable and can be heat 
treated to fairly high strength levels 
(45,000 psi tensile strength). In one 
application, 61S-T4 is welded by inert- 
gas-shielded tungsten are at a speed 
sufficient to minimize heat effects adja- 
cent to the weld so that, after aging 
the completed structure to the T6 con- 
dition, joint efficiencies of 90° can be 
realized. These high stress levels can 
be attained also by welding the SO 
material and subsequently heat treat- 
ing it to the T6 condition. 

Resistance welding is used exten- 
sively and is applicable to 24S and 75S. 
High quality requirements can be met 
in production by careful pre-cleaning 
and correct machine settings. Spits, 
voids, cracks, misshaped nuggets, burn- 
through, and excessive or insufficient 
penetration of nugget are all rejectable 
defects in aircraft-quality spot welds. 

Alloys Used. The properties and 
fabrication characteristics described in 
the preceding paragraphs and in the 
1948 Handbook are the significant fac- 
tors leading to selection of aluminum 
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alloys for a wide variety of aircraft 
applications. Many of these applica- 
tions are contained in the following 
list of typical parts, alloys and tempers: 


Engine crankcases—A51S-T6 

Engine cylinder heads—B18S-T6 or 
-T72 (if forged); 142-T77 (if cast) 

Engine cylinder-barrel muff—A51S-T6 

Engine baffles and deflectors—24S-T3 

Engine pistons—32S-T6 or 18S-T61 

Engine oil lines and push-rod cover 
tubes—-24S-T3 

Engine oil pumps—61S-T6 

Engine supercharger impellers—14S- 
T6, 25S-T6 

Engine castings in general—355-T6 
or -T71; 195-T4 or -T6, 356-T6 

Helicopter hubs—14S-T6 

Helicopter rotor skins—24S-T4 

Airplane skins and cowls — 24S-T4, 
15S-T6 

Aircraft wing spars and attachment 
forgings—14S-T6, 75S-T6 

Water tanks—61S-T6 or clad 61S-T6 

Hydraulic line’ tubing — 24S-T3, 
52S-O, 61S-T4 or -T6 

Rivets — Al17S-T4, 17S-T4, 
and 24S-T4 

Control brackets, 
356-T6, 355-T6, or 40E 

Instrument cases—218 
castings 

Spun or cast pressure receptacles— 
358-0, 43S-O 

Name plates—2S-O, 3S-O 


Standard Forms. Aluminum and 
aluminum alloys are available in vir- 
tually any form or shape. Standard 
sheet sizes are 48 to 60 in. by 144 in. 
but sheets up to 120 in. wide and 360 
in. long are available. Bars and ex- 
trusions are commonly stocked in 12 
to 20-ft lengths, with longer products 


14S-T4 
pulleys — 195-T6, 
and 380 die 


available from the mills. 
stiffened or rolled tapered skins, large 
extrusions and press forgings, impact 
extrusions and precision castings can 
also be purchased now. 


Integrally 


Hand Forgings. Hand or smith 
forgings are simple geometric shapes 
such as rectangles, cylinders and disks, 
or moderately contoured variations of 
these. They are produced on flat or 
contoured dies with blacksmith tools. 
These forgings fill a frequent need in 
the aircraft industry when a few pieces 
are required for prototype designs and 
the expense and time required to make 
impression dies cannot be justified. 

Forgings up to 1000 lb are made 
regularly, those between 1000 and 2000 
lb are less common, and pieces over 
2000 Ib are special items. Properties 
are lower in larger forgings (Table III). 

Before solution treatment, 75S forg- 
ings should be reduced to 3 in. or less 
in thickness, if necessary by rough 
machining. Sections more than 3 in. 
thick may have lower strength than 
shown in the table. 

Large Closed-Die Forgings. To pro- 
duce parts of the greater size and com- 
plexity indicated by design forecasts, a 
“heavy press program” was initiated 
by the Air Force, and limited produc- 
tion was begun in 1948. Two hydraulic 
forging presses of about 18,000-ton 
capacity are currently operating and 
presses of 35,000 and 50,000 tons are 
under construction. 

Forgings with a projected area of 
1000 sq in. perpendicular to the part- 
ing plane are being made on the 
18,000-ton presses, provided webs are 
not too thin. Larger chunky parts 
weighing up to 700 lb and simple T-sec- 
tion spars up to 14 ft long have been 
made successfully in production quan- 
tities. Figure 3 and Table IV show test 
bar locations and properties of a typi- 
cal production forging. 

Large Extrusions. Several large ex- 
trusion presses, sponsored and owned 
by the Air Force, are under construc- 
tion; one in service has a capacity of 
14,000 tons, nearly three times as large 
as any previously used in the US. It 
will produce shapes which may be cir- 
cumscribed by a circle of 23-in. diam 
(Table V). Ingots up to 29-in. diam 
and 70 in. long, weighing up to 2500 lb 
can be extruded. 

Larger presses will not only add to 
the size of sections, but the increased 
extrusion pressure will permit greater 


Table IV. Typical Tensile Properties at Eleven Locations 
of the Production Forging (Alloy 14S-T6) Shown in Fig. 3 


Tensile Yield 
Test Strength, Strength, Elongation, 
Location psi psi 
Longitudinal 
8C 68,000 60,000 11.0 
19TCB 69,000 61.000 90 
28TCB ; 70,000 63,000 10.0 
Transverse 
16TC 68,000 62.000 50 
25TC 67,000 61,000 30 
34TCB 65,000 58,000 30 
37C 68,000 62,000 8.0 
Vertical 
1 ee 65,000 60,000 15 
18V 64,000 59,000 3.0 
27V 63,000 59,000 20 
33V 64,000 57,000 5.0 


Longitudinal—axis of specimen parallel to grain flow; transverse—axis of specimen 
perpendicular to grain flow; vertical—axis of specimen perpendicular to grain flow and 


to the parting plane of the forging 


- 

; 


intricacy in the design of smaller 
shapes. In addition, they should pro- 
duce high-quality forging stock in 
sizes greater than now available and 
should present new opportunities for 
combinations of extrusion and forging. 

Mechanical property data for the 
largest extruded sections are not yet 
available. Information on the design, 
construction and operation of the 
presses is given in a series of papers, 
“Symposium on Heavy Presses for 
Light Metal Forgings and Extrusions”, 
Trans ASME, 75, 1483-1533 (Nov 1953) 


Automotive Applications 


The use of aluminum in the automo- 
tive industry dates back almost to the 
beginning of the motor car era. Alu- 
minum sand castings were used exten- 
sively for flywheel and rear-axle hous- 
ings, transmission cases, crankcases, 
clutch components, oil pans and other 
parts. In 1903 an aluminum body was 
adopted by the Pierce-Arrow, Franklin, 
Peerless and Jordan. Reasons for the 
use of aluminum in this early period 
were the ratio of weight to horse- 
power, tire limitations, and manufac- 
turing problems such as materials han- 
dling and machinability. 

The use of aluminum began to de- 
crease as car production increased and 
competition became keener. Manufac- 
turers resorted to lower-priced ferrous 
alloys. Present-day use of aluminum 
in passenger cars and in a large per- 
centage of commercial trucks is lim- 
ited to a few specific items. Approxi- 
mately 65° of these vehicles contain 
a maximum of 15 lb of aluminum each; 
35°) use a maximum of 80 Ib. 

Truck manufacturers are unable to 
justify the use of higher-cost alumi- 
num in high-production units. The 
full advantage of aluminum wheels, 
wheel hubs, axle housings, bodies and 
other items is realized only in special- 
ized trucks. 

The bus field is entirely different: 
15 to 25°) of the total weight of each 
vehicle is aluminum. Light weight is 
absolutely essential in large buses to 
meet legal weight limits. Aluminum 
permits more economical design and 
increases the efficiency of tires, brakes, 
axles and springs 


Fig. 3. 


Table V. Minimum Section Thicknesses Available from 14,000-Ton Extrusion Press 


Diameter of 
Circumscribing 
Circle, in 


61S & 
62S 


To 13 

13 to 16 
16 to 19 
19 to 23 


0.109 
0.125 
0.140 
0.156 


Aluminum Alloys for Cars and Trucks. 
Although aluminum pistons have been 
used in some automotive engines for 
many years, it was only during 1954 
that 100° conversion was reached 
This was part of the recent trend to 
higher speeds and higher-compression 
engines, in which the light weight and 
good thermal conductivity of aluminum 
pistons play an important part 

Pistons are cast in permanent molds 
from either A132 or D132 alloy with 
the latter predominant throughout the 
industry because of its lower cost 
D132 has lower silicon and nickel and 
higher copper content: it also has 
better castability, which accounts for 
its price advantage. Pistons receive 
the T551 heat treatment, which in- 
creases hardness and stabilizes the 
structure. The finish-machined piston 
can either be anodized or tin plated 
for improved anti-scuff properties. 

The largest usage of aluminum per 
car is in the torque converter type of 
automatic transmission The most 
common method of producing torque 
converter parts is plaster casting, be- 
cause of its advantages for thin and 
intricate sections, close tolerances and 
extremely smooth surfaces. A com- 
bination of permanent, plaster and 
shell molding is being utilized by one 
source in making the turbine at appre- 
ciably reduced cost. Alloys used are of 
either the 319 or 355 type, with or 
without heat treatment To reduce 
cost further one manufacturer is die 
casting the stator in 380 alloy with 
good results. 

Camshaft timing gears for a large 
number of truck engines are perma- 
nent-mold cast from either D132 or 
355. The D132 alloy, somewhat more 
costly, receives only an aging treat- 


Location of Tensile Specimens in a Typical 


Large Production Aircraft Forging of Aluminum Alloy 


14S-T6. 


Typical test results for the eleven locations 


at which specimens are shown in solid black are given 
in Table IV, which indicates a variation in elongation 


from 1.5% at location 1 


at location 8C (longitudinal 


(vertical direction) 
direction), 


to 110% 
with both 


specimens having the same yield strength. 


= 


Minimum Thickness of Solid Shapes 


48 


0.125 
0.156 
0.171 
0.187 


ment, which develops a uniform hard- 
ness of 90 to 115 Brinell, and has better 
wear resistance. Alloy 355 is solution 
treated and aged to between 75 and 95 
Brinell. 
Die-cast 
being used 


brake-cylinder pistons are 
throughout the industry 
One car has die-cast aluminum in 
valve rocker-shaft brackets for com- 
pensation of temperature effects; an- 
other manufacturer has developed die 
castings for carburetor and fuel pump 
bodies A die-cast clutch housing 
is currently being installed by a third 
company. This item, weighing 4.5 Ib, 
replaced a gray iron casting weighing 
17 Ib. 380 alloy is usually specified for 
these applications because of its cast- 
ability and machinability 

In investigating the many possible 
uses for aluminum die castings, car 
manufacturers proceed on the premise 
that successful use depends on proper 
designing for aluminum rather than 
mere substitution for other metals 
Die casting has several well recognized 
qualities such as its high production 
rate and lower assembly and unit costs 
Die castings have recently been found 
capable of serving as functional parts 
carrying moderately high loads, as in 
the clutch housing just mentioned. 

A small amount of 35S, plain or em- 
bossed, is used in the car body, princi- 
pally for door sill strips Its major 
advantage is corrosion resistance with- 
out costly surface coatings. Reflectors, 
headlamp housings, name plates and 
instrument panels also are fabricated 
from 2S or 38S. There is limited but 
increasing use of aluminum strip and 
extrusions for trim and upper door 
frames. 
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Aluminum Alloys 


Trailers. Trailers use as much as 
3000 Ib of aluminum in an 8600-lb unit. 
The initial cost of the trailer is in- 
creased but in many operations the 
profit from greater pay load more than 
offsets initial cost 

Principal members such as floor sup- 
port channels, cross members and floor 
plates are made from clad 61S-T6, 62S- 
T6 and 24S-T3 alloys. Secondary mem- 
bers like side posts and roof bows are 
also made from these alloys Side 
panels are usually made from clad 
24S-T3 and 61S-T6 sheet, and roof 
panels from either the clad material 
or 3S8-H14 alloy. Drip trough, mold- 
ings and trim are extruded from 63S- 
T5 alloy. A17S-T4 or 53S-T61 rivets 
are used in assembly 

Cast wheels, gear boxes, corner cast- 
ings and support brackets are made 
from 355 or 356 in the T6 or T71 con- 
dition, with some special applications 
of 40E or 220-T4. Forged wheels are 
made from 248-T3 alloy in both disk 
and spoke designs. 

Buses. Approximately 5000 Ib of 
aluminum is used in a 20,000-lb bus, 
with sheet and plate 50% of this 
amount, extrusions and sand castings 
each 20% and other forms 10%. 

Typical uses for aluminum in bus 
construction, both gasoline and diesel 
engine types, are as follows: 


Wrought Aluminum 


2S-O—-Name plates and foil faced 
insulation. 
38-0, -F, and -H14—RKefrigerant 


condenser and evaporator units, extru- 
sions for trim 

11S-T3—Screw machine parts 

14S-T6—Forgings for wheel hubs and 
special air-cylinder pistons 

528-O, -H32 and -H34—Primarily 
used for skin sheet exterior and inte- 
rior, heat deflector shields, modesty 
panels, wheel housings, air ducts. The 
three tempers cover applications from 
flat to deep drawn sections 

53S-T61 and A17S-T4—Rivets 

615-T6—Sheet and plate for highly 
stressed areas for exterior panels and 
other locations where strength is the 
primary consideration 

61S-T6 and 62S-T6—Extrusions for 
Structural parts like post and _ roof 
sections, braces, struts, angles and floor 
supports 

635-T42 and -T5— Extrusions for 
nonstructural applications, mainly 
moldings and trim 


Aluminum Castings 


40F and 220-T4—Spring brackets, air 
suspension support, brake-rod support 
bracket, door control handle, door 
hinges, steering housing, generator 
cradle and bumper guards 

43—Stepwell tread plates with grit, 
water inlet and outlet elbows, thin 
complex sizable castings requiring 
slight alignment in assembly 

A132-T551 and D132-T5—Engine pis- 
tons, camshaft gear, special oil seal 
retainers 

195-T6—Brackets. (Alloy is being su- 
perseded by 356-T71, 40E and 220-T4.) 

F214—Headlight and directional light 
castings, rear view mirror frame and 
bracket, front and rear-end trim cast- 
ings, decorative parts — polished and 
anodized 
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319 as cast, 
housing and rotors, water inlet mani- 


-T51 or -T6— Blower 
fold, air cleaner base and cover, oil 
pans, radiator tanks, air intake mani- 
fold, connecting flanges and couplings, 
spacers 

355 or 356, -T6 or -T71—Transmission 
cases, flywheel housing, air cylinder 
cases, low-inertia flywheel and clutch- 
drive plates, brake shoes and many 
types of support brackets 

380—Grab rail support brackets, valve 
body cases, governor housing, compart- 
ment door handles 

The alloy selections for the various 
applications follow closely the recom- 
mendations given on Handbook pages 
810 to 840. 

Aluminum Bearings. Two types of 
aluminum bearings are used in some 
medium and heavy-duty engines for 
connecting-rod and main bearings. One 
type bearing, alloy 750, containing 6.5% 
Sn, 10% Cu and 1.0% Ni, normally a 
permanent mold casting, is used in 
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heavy-duty diesel engines, with or 
without some modifications of compo- 
sition. The other is a composite type, 
incorporating an aluminum bearing 
alloy in strip form, containing cad- 
mium and silicon, which is bonded to 
steel and electroplated with babbitt. 
This latter type is used in both gaso- 
line and diesel engines for trucks and 
buses. (See also pages 754 and 840, 
1948 Handbook.) 

Fabrication. Riveting is the main 
joining process used in all structural 
applications. Both A17S-T4 and 53S- 
T6l rivets are used by bus manufac- 
turers; one company prefers the more 
expensive 53S-T61 rivet because of its 
excellent corrosion compatibility with 
52S, 61S and 62S. 

The three major welding processes 
used in bus construction are spot weld- 
ing, inert-arc, and gas welding. Only 


nonstructural assemblies are joined by 
welding; 


these include parts such as 


battery trays, panel stiffeners, wheel 
housings and window reveals 

Painting and Anodizing. Joints be- 
tween aluminum and ferrous parts 
must be protected from galvanic cor- 
rosion by painting prior to assembly 
Sealers containing chromate inhibitors 
are used in joints where additional 
protection is necessary. In painting, a 
phosphate conditioning treatment is 
first used to prepare the surface, fol- 
lowed by zinc chromate primer and 
finally synthetic enamel finish. Anodic 
coatings are used extensively as a fin- 
ish, both exterior and interior, for both 
decoration and protection. 


Railroad Applications 


Aluminum is used in diversified rail- 
road applications on motive power, 
freight and passenger cars and main- 
tenance-of-way equipment. 

Passenger Cars. Practically 
passenger car built today uses some 
aluminum for items such as interior 
finish and trim, window sash, baggage 
racks, lighting fixtures, furniture and 
other items. Alloys are usually 3S 
sheet, 63S-T5 extrusions and tubing, 
and 61S-T6 extruded shapes. These 
items save weight and maintenance. 

Car bodies are designed in accord- 
ance with specifications of the Asso- 
ciation of American Railroads, which 
also dictates to some degree the type 
of aluminum alloy that may be used. 
Structural shapes are either rolled or 
extruded 14S-T4 and 6168-T6. Roof 
and side sheets are clad 24S-T3. 
Formed or secondarily stressed sheet 
parts are 52S-H34. 

Tank-Car Tanks. Aluminum tank 
cars were first introduced in 1928 and 
there are now nearly 2000 in service. 
These are built to specifications of 
either the Association of American 
Railroads or the Interstate Commerce 
Commission, depending on the com- 
modity to be handled. 

Most tanks are of welded construc- 
tion using 99.6% aluminum and alloys 
2S, 3S, 52S, A54S and 61S, in various 
tempers. 

Commodities handled are restricted 
to those which are adversely affected 
by other metals and lining materials, 
and include glacial acetic acid, nylon 
salts, formaldehyde, water-white rosin, 
fatty acids, glycerin, hydrogen peroxide, 
ethyl acetate, polyvinyl] acetate, stearic 
acid, oleic acid, naphthenic acid, tri- 
chlorobenzene, concentrated nitric acid 
and nitrogen fertilizer solutions. Some 
of these materials can be handled only 
in certain concentrations and degrees 
of contamination with other com- 
pounds. The list will probably be ex- 
panded as the need arises for bulk 
handling of other liquids. 

Other Freight Cars. Aluminum hop- 
per cars, box cars and refrigerator cars 
are undergoing long-time performance 
tests and are still considered experi- 
mental by the users. Alloy 61S-T6 is 
used for all structural members and 
52S and 61S-T6 for sheets. 


every 


Marine Applications 


Aluminum alloys were used in marine 
craft as early as 1891 but the alloys 
then available were handicapped by 
poor resistance to corrosion. Since 
about 1930, improved alloys have been 
used increasingly, and today the fol- 
lowing components, including main 
strength members, commonly utilize 


aluminum alloys: hulls, deckhouses, 
stack enclosures, hatch covers, windows, 
air ports, accommodation ladders, gang- 
ways, bulkheads, deck plate, ventilation 
equipment, life saving equipment, fur- 
niture, hardware and architectural trim. 

Alloys in Use. The following combi- 
nations of alloy, temper and form ac- 
count for most of the aluminum appli- 
cations in marine service: 3S sheet, 
plate and extrusions in the F and inter- 
mediate tempers: 52S-H32 sheet and 
plate: 61S-T6 sheet, plate and structu- 
ral shapes; 63S-T6 architectural trim: 
43, 214 and some 356 castings. Rivet 
material is 53S in tempers T6. T61, T41 
and 619 in tempers T6 and T31 

The corrosion-resistant aluminum 
alloys in current use permit designs 
which save about 50°7 of the weight of 
similar designs in steel. Substantial 
savings of weight in deckhouses and 
top-side equipment permit lighter sup- 
porting structures. The accumulative 
Savings in weight improve the stability 
of the vessel and allow the beam to be 
decreased. For comparable speeds, the 
lighter, narrower craft will require a 
smaller power plant and will burn less 
fuel. Consequently, one pound of 
weight saved by the use of lighter 
structures or equipment frequently in- 
tegrates to an over-all savings on the 
order of three pounds. Aluminum also 
saves on marine maintenance 

The low values of modulus of elastic- 
ity for aluminum alloys offer advan- 
tages in structures erected on a steel 
hull. Flexure of the steel hull results 
in low stresses in an aluminum super- 
structure as compared with the stresses 
induced in a similar steel structure. 
Consequently, long continuous alumi- 
num deckhouses can be built without 
expansion joints, thus eliminating a se- 
rious maintenance problem 

Die-cast alloy 13 predominates in 
outboard motor structural parts and 
housings subject to continuous immer- 
sion or to frequent wetting. Die cast- 
ings with a nominal composition of 
9.7% Si, 23° Cu and 06% Fe are also 
used for motor hoods, shrouds and mis- 
cellaneous parts subject to less severe 
corrosive exposures. Wrought alloy 3S 
monopolizes integral gas tanks which 
are drawn from sheet stock 

Hull construction in most small craft 
such as outboard motor boats, row 
boats and canoes, including those de- 
signed for operation in fresh water, is 
shifting to 61S-T4 or -T6 extrusions 
or sheet. A small amount of 3S is used 
as casing for built-in safety buoys 

Prevention of Galvanic Corrosion. 
Aluminum alloys should be either ca- 
thodically protected or electrically in- 
sulated from dissimilar metals unless 
contact between aluminum alloys and 
steel or other cathodic metals can be 
avoided, especially below water line 
Any good quality caulking or gasket 
compound inserted between the dis- 
similar metals will provide durable 
joints with adequate electrical insula- 
tion, particularly if the facing surfaces 
have been painted with a zinc chro- 
mate primer. Faying surfaces of dis- 
similar metals subject to frequent wet- 
ting aboard ship or in other marine at- 
mospheres require the same type of pro- 
tection as do aluminum alloy contacts 


with wet wood or other absorptive 
board materials 
Methods of Fabrication. Riveted 


construction is generally favored. Shop 
procedure and fabrication of aluminum 


alloys follow well established practices 
similar to steel practices except that 
somewhat greater care is required. More 
detailed fabricating practices and shop 
procedures are given in the references. 

Recently the U. S. Navy has pio- 
neered the welding of aluminum for 
marine structures, using semi-automatic 
inert-gas-shielded are welding with 
consumable electrodes. Welding greatly 
reduces the cost of fabrication; on 
some structures the savings have 
amounted to as much as two-thirds of 
the cost of fabricating similar riveted 
units. Progress in fabricating welded 
structures has focused attention on the 
aluminum-magnesium alloys contain- 
ing more than 2.5% Mg. 
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Electrical Applications 


The first significant application of 
aluminum in the American electrical 
industry occurred in 1898 with the use 
of stranded 99.5% aluminum wire as 
an overhead, high-voltage transmission 
line. Over 90% of the transmission 
lines in this country now employ either 
aluminum cable or steel-reinforced alu- 
minum cable, which was introduced in 
1909. About 15% of all distribution lines 
alo utilize aluminum conductors. 

In 1953, the electrical industry man- 
ufactured an estimated 644 million alu- 
minum foil capacitors from about 6.5 
million pounds of foil. 

Alloys for Conductors. Electric con- 
ductor or EC alloy accounts for all but 
a minor proportion of the aluminum 
now being used as conductor metal in 
the U. S. EC contains 99.45% min Al, 
with closely controlled impurities and 
trace additions of copper and boron 
Specifications are given in ASTM 
B233-52, B230-53T and B262-52T. 

The extensive use of EC alloy rests 
on a fortuitous combination of low cost, 
high electrical conductivity, adequate 
mechanical strength, low specific grav- 
ity and excellent resistance to corro- 
sion. Minimum conductivity of 61% of 
the International Annealed Copper 
Standard (IACS) and from 23,500 to 
29,000 psi tensile strength, depending on 
size, are readily maintained in commer- 
cial hard drawn EC wire. When com- 
pared with the IACS on a basis of mass 
instead of volume, minimum conduc- 
tivity of hard drawn EC alloy is 201%. 


Magnesium-silicide alloys are finding 
a growing use as 61S and 63S alloy bus 


as “Cond-Al” alloy wire for 
at slightly elevated tempera- 
tures. Cond-Al has a nominal compo- 
sition of 0.10% Si, 045% Fe and 0.30% 
Me. Additional details are available in 
Metal Progress for May 1953 

Aluminum for cable sheathing varies 
widely from high-purity commercial 
aluminum to alloys of the 3S type. Two 
methods are used: (1) extruding the 
sheath in final position and dimensions 
around the cable as it is fed through 
an axial orifice in the extrusion die, 
and (2) threading the cable through 
an oversized prefabricated tube and 
then squeezing the tube to final dimen- 
sions around the cable by tube reduc- 
ers and draw dies 
Conductor accessories also vary widely 
from EC alloy to the heat treatable, 
high-strength wrought alloys and cast- 
ing alloys such as 214 and 356 

EC Alloy Wire Conductors, Common 
forms of EC alloy conductors are sin- 
gle-wire and multiple-wire ‘stranded, 
bunched or rope layed). Both are used 
in overhead or other tensioned appli- 
cations as well as in nontensioned in- 
sulated applications The tensioned 
conductors employ EC wire in the H19 
temper; nontensioned, H26 

Size for size, the d-c resistance of an 
EC aluminum conductor is 1.59 times 
the annealed copper value. For equiva- 
lent d-c resistance, an aluminum wire 
two AWG size numbers larger than a 
copper wire must be used. Neverthe- 
less, as a result of the lower specific 
gravity of aluminum, an EC conductor 
weighs only about half as much as an 
equivalent copper conductor 

Current-carrying capacities for EC 
wire conductors are given in the Con- 
ductor Data Book of Kaiser Aluminum 
and Chemical Corp., 1954 Recently 
specified standard constructions for 
weatherproof type EC conductors, neu- 
tral supported service drops and sec- 
ondary EC cables are given in ASA 
Specifications for Weather - Resistant 
Wire and Cable, Second Draft, June 
20, 1952. 

Aluminum Conductors, Steel 
forced, consist of one or more layer: 
of concentric-lay stranded EC alloy 
wire around a high-strength galvanized 
steel wire core which itself may be 
a single wire or a group of concentric- 
lay strands. ACSR design and mate- 
rials are specified by ASTM B232-52T 

ACSR constructions are somewhat 
larger in diameter and far stronger 
than equivalent conductors employing 
only EC aluminum alloy. Electrical re- 
sistance is figured only on the alumi- 
num cross section, whereas tensile 
strength is figured on the composite 
the steel core provides 55 to 60° of the 
total strength 

ACSR constructions are used where 
great mechanical strength is advanta- 
geous. Their strength-to-weight ratio 
is usually about two times that of cop 
per of equivalent d-c resistance. ACSR 
cables, therefore, permit longer spans 
and fewer poles or tower: 

Characteristic data for commonly 
used ACSR types are given in the 
“Standard Handbook for Electrical En- 
gineers,” 8th ed, Tables 4-24 and 4-25 


bar and 
service 


Rein- 


Bus Bar Conductors. Commercial 
bus design in the U. 8S. utilizes four 
types of bus conductors: rectangular 


bar, solid round bar, tubular and struc- 
tural shapes 
1954 
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Aluminum Alloys 


All types are supplied in EC alloy 
with tubular and structural shapes 
available in 61S and 63S also. Temper, 
alloy and shape availabilities are given 
in “Aluminum Bus Conductors”, Alu- 
minum Co. of America, 1948. 

Motors and Generators. Aluminum 
has been used for many years for cast 
rotor windings and for several struc- 
tural parts. The end rings and usually 
the cooling fans are pressure-cast in- 
tegrally with the bars through the slots 
of the laminated core, from commer- 
cially pure aluminum ingot. The rotor 
thus formed stays permanently tight 
and quiet and has cost advantages. 

Aluminum structural parts such as 
stator frames and end shields are some- 
times economically die cast. Their cor- 
rosion resistance may be necessary in 
specific environments, for example, in 
motors for spinning rayon (aluminum 
salts do not stain the fibers). They are 
also found in aircraft generators where 
light weight is paramount. 

EC aluminum has more recently been 
introduced for field coils on some of 
the d-c machines and for stator wind- 
ings in some motors. “Cond-Al” alloy 
wire is now used in some of the ex- 
tremely large turbo-generator field coils 
where high operating temperatures and 
centrifugal forces cause creep failures 
in EC alloy and other conductor wire. 

Transformers. Aluminum has been 
adapted to the secondary coil windings 
in the magnetic-suspension type of 
constant-current transformer, to de- 
crease weight and permit the coil to 
“float on magnetic suspension”. In an 
application closely associated with 
transformers, it is being used for con- 
crete reactors (devices to protect trans- 
formers from overloads) where alumi- 
num conductors are cast in concrete. 

Electronics applications where alumi- 
num is used primarily because of its 
electrical characteristics include hollow 
shapes both cast and wrought in radar 
and sonar wave guides, copper-clad 
strips in printed circuits and other ap- 
plications where weight is important, 
extruded shapes and punched sheet for 
radar antennas, extruded and roll 
formed tubing for television antennas, 
strips in lengths up to 300 ft for coiled 
line traps, drawn or impact-extruded 
cans for condensers and shields, and 
vaporized high-purity coatings inside 
cathode-ray tubes. 

Examples where electrical properties 
other than magnetic are not dominant 
are chassis for electronic equipment, 
spun pressure receptacles for airborne 
equipment, etched nameplates and 
hardware such as bolts, screws and 
nuts. A closely associated use is 61S-T63 
as a cell base for the deposition of 
selenium in the manufacture of sele- 
nium rectifiers. 

Lighting. The use of 4S aluminum 
for lamp bases, because of high melting 
temperature, and other sheet alloys for 
sockets are two recent developments. 

Capacitors, Aluminum, in the form 
of foil, dominates all other metals in 
the construction of capacitor electrodes. 
Dry electrolytic and non-electrolytic 
capacitors are the only two basic types 
of condensers in extensive commercial 
use today. Dry electrolytic capacitors 
usually employ two parallel coiled or 
wrapped aluminum foil ribbons as elec- 
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trodes. 
mechanically separates the two ribbons. 


Paper wrapped into the coil 


A glycol-borate paste, which is ab- 
sorbed in the paper separators, func- 
tions as the operating electrolyte. In 
constructions designed for intermittent 
use in alternating circuits, both elec- 
trodes are anodized in a hot boric acid 
electrolyte, the thin anodic films con- 
stituting the dielectric element. 

Only the anode foil is anodized in 
dry electrolytic assemblies intended for 
d-c applications. Anodized electrodes 
are invariably made in aluminum of 
998% or greater purity, whereas the 
non-anodized electrodes usually utilize 
foil ribbons of 99.4% minimum purity. 
Prior to anodizing, the foil is usually 
but not always etched to increase the 
effective surface area. Containers for 
dry electrolytic capacitors may be 
either drawn or impact-extruded cans 
of 2S alloy. 

Ordinary clean foil ribbons of 99.4% 
minimum purity usually serve as the 
electrodes in commercial nonelectro- 
lytic capacitors. Oil-impregnated paper 
separates the electrodes and adjacent 
coils of the wrap. Nonelectrolytic, foil 
assemblies are packed in either alumi- 
num alloy or steel cans. 

Electrodes for variable air capacitors 
are usually made of 2S or 3S sheet in 
the intermediate tempers. 


Electrical Appliances 


The following properties of aluminum 
and its adaptability to all forms of fab- 
rication have resulted in a broad usage 
in electrical appliances. 

Weight. Household appliances such 
as vacuum cleaners, electric irons and 
portable food mixers are continually 
moved about by the housewife; hence, 
light weight is an attractive sales char- 
acteristic. 

Low Fabricating Costs depend on 
several properties, including adaptabil- 
ity to die casting and low finishing 
costs because of a natural pleasing ap- 
pearance and good corrosion resistance 
which elimynate the need for expensive 
finishing. 

High Thermal Conductivity is the 
dominant factor governing its use in 
the electric range deep-well cooker pail 
and trivet, refrigerator evaporators, 
waffle iron grids, sandwich grills, elec- 
tric-iron sole plates and other items. 

Reflectivity of polished aluminum is 
desirable in such things as the heater 
box in automatic dryers, adjustable re- 
flecting shelves in electric range ovens 
and reflectors under the resistance 
heating units in electric ranges. 

Damping Capacity of aluminum has 
led to its use for electric fan parts. 
Aluminum carrier, hub and blades pro- 
vide quieter operation. 

Brazability. Aluminum is used for 
refrigerator and freezer evaporators be- 
sause of its brazability, in addition to 
other favorable characteristics. 2S or 
3S aluminum tubing is brazed to 3S 
embossed sheet, using aluminum-silicon 
alloy 713 for the braze metal. The tub- 
ing is placed on the embossed sheet 
over strips of brazing alloy with a suit- 
able flux. The assembly is then fur- 
nace brazed, and the residual flux is 
removed by successive washes in boil- 
ing water, nitric acid, and cold water. 
The result is an evaporator with high 
thermal conductivity and efficiency, 


good corrosion resistance and low man- 
ufacturing cost. 


Choice of Alloy and Finish. With the 
exception of a few permanent mold 
parts, practically all of the aluminum 
castings in electrical appliances are die 
cast. The most popular alloy is 380 be- 
cause of its good castability, adequate 
mechanical properties and low cost. 

Most of the die castings are internal 
functional parts and are used without 
any finish. Organic finishes are usually 
applied to die-cast parts exposed to 
view, such as housings for food mixers. 

Wrought forms fabricated principally 
from sheet, tube, and wire are used in 
approximately the same quantities as 
die castings. The wrought alloys 25S, 
3S, C57S, 50S, 52S and a few 635 ex- 
trusions are selected because of corro- 
sion resistance, anodizing characteris- 
tics and excellent formability. C57S is 
outstanding in its anodizing character- 
istics and is used with a copper-colored, 
dyed anodized surface for trim on some 
electric ranges. 

The natural colors which some of 
these alloys assume after anodizing are 
extremely important for food handling 
equipment. Applications include re- 
frigerator vegetable pans, ice cube trays 
and wire shelves. The pans and trays 
are usually drawn from 3S; the sepa- 
rating partitions in the trays require 
greater yield strength and are made 
from alloys such as 52S. Wire shelves 
are sometimes made from 50S-H38, 
anodized after fabrication. In this ap- 
plication the full-hard wire is cold 
headed over extruded strips which form 
the borders. 

An exception to the natural color 
anodized surface for food handling 
equipment occurs in waffle iron grids, 
which are given a silicone resinous fin- 
ish to facilitate removal of the waffle. 


Furniture 


Light weight, low maintenance and 
attractive appearance are the principal 
advantages of aluminum in furniture. 

For office chairs, the most commonly 
used alloy is 61S-T6 in the form of 
drawn tube (round, square or rectangu- 
lar), sheet or bar. 63S-T5 extruded 
tube and special shapes are also used. 
Frequently the parts are formed in the 
annealed or partially heat treated tem- 
pers and subsequently heat treated and 
aged. Designs are generally based on 
the service requirements, although styl- 
ing may dictate overdesign or ineffi- 
cient sections. Fabrication is conven- 
tional; joining is usually by welding or 
brazing. Various finishing procedures 
are used, such as mechanical, anodic 
oxide coatings or paint finishes. 

Tubular sections, usually round, are 
the most popular form of aluminum in 
lawn furniture. Resistance to corrosion 
is an added advantage. Designs are 
established by structural engineering 
practices, with some deviations for ap- 
pearance requirements. Alloys princi- 
pally used are 3S, 63S and 61S, the 
temper being selected by strength re- 
quirements and the degree of forming 
required. Conventional tube bending 
machines and mechanical joints are 
used. Finishing is usually by grinding 
and buffing, frequently followed by clear 
lacquers. 


Construction Applications 


Aluminum is being used increasingly 
in static structures such as buildings, 
bridges and towers. Because structural 
steel shapes and plate are substantially 


lower in first cost, aluminum is used 
only where light weight or the cost of 
maintenance is a major consideration. 
Design and Fabrication of aluminum 
Static structures differ very little from 
the practices used with steel. The 
most common alloys are 61S-T6 and 
14S-T6. Tensile strengths are in the 
range of structural carbon steel and 
low-alloy steel, respectively; the mod- 
ulus of elasticity is one-third that of 
steel, requiring special attention to 
compression members: it also provides 
a cushion against shock loads and 
minor foundation misalignment. Con- 
ditions of repeated loading require spe- 
cial consideration; high temperatures 
reduce strength and raise ductility. 
Both strength and ductility are main- 
tained or improved at sub-zero tem- 
peratures. Over 50% of the weight of 
small structures is saved; 75° or more 
may be possible in long-span or mov- 
able bridges. Substantial savings re- 
sult in maintenance and in deprecia- 
tion from atmospheric corrosion. 
Forming, shearing, sawing, punching 
and drilling are readily accomplished 
on the same equipment used for fab- 
ricating structural steel. Since the 
structural aluminum alloys owe their 
strength to properly controlled heat 
treatment, hot forming must be done 
with caution, and sometimes reheat 
treatment is necessary. Burning or 
flame cutting should not be used. 
Special attention must be given to the 
strength requirements of welded areas 
because of the annealing effects. 
Buildings. The most important alu- 
minum applications to farm buildings 
have been corrugated or otherwise stiff- 
ened sheet products. Alloy 3S or sim- 
ilar compositions are employed, usually 
in the harder rolled tempers. Roofing, 
siding, ventilators and other compo- 
nents are made of similar materials. 
The use of aluminum in industrial 
buildings has likewise been generally 
limited to portions exposed to weather. 
Roofing and siding are the most com- 
mon applications; the alloys most used 
are 3S, 4S and 52S, either bare or clad. 
Door and window frames are usually 
formed of 63S-T5 extruded shapes. 
A few buildings have 61S-T6 frame- 
work to resist corrosive conditions 
within. Examples are greenhouses and 
locomotive round-houses 
Aluminum roofing, flashing, gutters 
and downspouts of 3S or 4S, preferably 
clad, are used in homes, hospitals, 
schools, commercial establishments and 
office buildings. Exterior walls may be 


either 63S-T5 extrusions or formed 
sheet, bare, anodically treated and 
painted, or enameled In addition, 
many interior applications such as 


wiring, conduit, piping, ductwork, hard- 
ware and railings utilize aluminum in 
many forms and finishes 

Bridges. A great deal of aluminum 
is used in bridge accessories such as 
railings, lighting standards, traffic con- 
trol towers and marking devices. Alu- 
minum is economically feasible for 
bridges of extremely long span and for 
movable bridges of the bascule and 
vertical-lift types Portable military 
bridges have been built in quantity 

Scaffolding, Ladders, electrical sub- 
station structures and others of the 
same general type utilize aluminum, 
chiefly in the form of structural and 
special extruded shapes. 61S-T6 is the 
most widely used alloy because of 
strength and resistance to corrosion 


without paint. Specifications in Proc 
ASCE, 78, Separate 132 ‘(May 1952), 
cover allowable stresses, design rules 
and fabrication procedures for 61S-T6 
alloy in these applications. 

Cranes, Conveyors and heavy-duty 
Structures utilize smaller amounts of 
aluminum than the category just dis- 
cussed. The most popular alloy in this 
field is 14S-T6. For information on 
allowable stresses and design rules for 
riveted heavy-duty structures of this 
kind, the reader may refer to Trans 
ASCE, 117, 1253 (1952). 
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Alumi- 


Chemical Process Applications 


In general, the aluminum alloys most 
suitable for use in the chemical process 
industries are the lowest in cost. 

Petroleum. Aluminum tops are used 
on steel storage tanks and exteriors 
are painted with aluminum paint. An 
important benefit results from its high 
reflectivity. Temperatures of tank con- 
tents are kept low and evaporation of 
volatile constituents is greatly reduced 
Equally important is the protection of 
exterior steel surfaces from atmospheric 
corrosion, and the interior surfaces 
from corrosive brines, sulfide gases and 
sulfur contained in the oil. Contami- 
nation of tank contents, caused by cor- 
rosion products dropping from sides 
and tops of unprotected steel tanks, is 
also eliminated. 

All-aluminum pipe lines with welded 
joints are satisfactory carriers of both 
crude and refined products. Aluminum 
trailers and tank trucks have an addi- 
tional advantage of light weight. Small 
field tanks are generally of 2S or 3S 
alloy; in larger tanks, where strength 
is more important, 61S is used. 

Rubber. Aluminum resists all types 
of corrosion that occur in rubber proc- 
essing, and is nonadhesive with all 
forms of rubber. Aluminum molding 
equipment without special surface prep- 
aration imparts a glossy finish to rub- 
ber products. Pen and pencil bodies, 
pipe stems, combs and battery cases 
are someé products formed in such molds. 

Sewage Disposal. The principal gas- 
eous products of sewage decomposition 
(hydrogen sulfide, methane, carbon di- 
oxide and nitrogen) have no apprecia- 
ble action on 2S, 3S, 52S, 619 and 63S. 
These alloys also have satisfactory re- 
sistance to raw and partially treated 
sewage. Aluminum grit chamber wires, 
Sluice gates, sludge equipment, rotary 
distributors and other plant items have 
proved satisfactory 

Explosives. The nonsparking charac- 
teristic of aluminum is of particular 
importance in explosive atmospheres. 
This safety consideration has been pri- 
marily responsible for the many me- 
chanical handling devices made of 
aluminum for the explosives industry 
Safety tools of aluminum have similar 
advantages. Storage facilities for nitro- 
glycerin, guncotton and dynamite and 
evaporator pans and crystallization 
kettles for ammonium nitrate are usu- 
ally made of aluminum. Air-condi- 
tioning equipment in explosives plants 


utilizes aluminum construction almost 
exclusively 
Food. High-purity aluminum, 2S 
and 3S are used in large food process- 
ing equipment such as pressure cook- 
ers, pasteurizers, cheese and butter 
making equipment and in storage and 
shipping tanks for liquid foodstuffs 
General Chemicals. Strong oxidants 
(permanganates, peroxides, oxygen 
nitric acid) are processed, stored and 
shipped in aluminum equipment. Sul- 
fur, sulfuric acid, sulfides and sulfates 
are particularly well suited to process- 
ing in aluminum. The halogen gases 
acids and salts are generally incom- 
patible with aluminum; so are most 
carbonates, hydroxides and phosphates 
Designers of aluminum containers 
and equipment for the chemical indus- 
tries should avoid features that entrap 
liquids and prevent complete drainage 
Periodic thorough cleaning greatly in- 
creases the service life of equipment 
Heavy metal contamination in other- 
wise noncorrosive substances will fre- 
quently cause severe local corrosion 
Over-all corrosion will often be greatly 
accelerated by small amounts of water 
in normally anhydrous or highly con- 
centrated materials. 
Atomic Energy. 


Aluminum- jacketed 
fuel elements protect uranium from 
water corrosion, prevent the entry of 
fission products into the cooling water, 
transfer heat efficiently from uranium 
to water, and minimize parasitic cap- 
ture of neutrons. Aluminum tanks are 
used in reactors to hold heavy water 
One form of fuel element employs alu- 
minum tubes closed at the bottom and 
containing a stack of uranium slugs 
Uranium-aluminum alloys rolled into 
flat sheet and protected by high-purity 
aluminum cladding are another form 
of nuclear fuel. Shim controls made 
of cadmium plates, clad with aluminum, 
slide on aluminum? scabbards in one 
type of reactor. 

Brewing. In the brewing industry, 
2S and high-purity aluminum have 
been used for highest corrosion resist- 
ance; higher-strength alloys have also 
been employed. Aluminum brew ket- 
tles, yeast tubs, culture tanks, ferment- 
ing tanks, storage tanks, coglers and 
barrels are typical uses Aluminum 
does not impart taste or odor to beer 
nor does it affect the growth of yeast 
or the fermentation process High 
thermal efficiency is realized in alumi 
num brew kettles and other heating 
or cooling devices, and aluminum i: 
highly resistant to the weak acid 
formed during fermentation. Shipping 
barrels are of both clad and unclad 
construction, 


Miscellaneous Applications 


Cost, formability and appearance are 
more significant in these application 
than in most of those discussed above 
The uses mentioned below do not in- 
clude many that account for large con- 
sumption of aluminum, but they Mlu 
trate a variety which, in the aggregate, 
account for large tonnages. 

Materials Handling Equipment. The 
food industry uses aluminum handling 
equipment more than other industrie 
because the metal is nontoxic, non 
adsorptive, splinter-proof, does not 
harbor bacteria, and can be steam 
cleaned High thermal conductivity 
results in economies when container 
or conveyors must be moved in and 
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lil 


out of heated or refrigerated areas. 
The nonsparking property is invaluable 
in flour mills and other plants subject 
to fire and explosion hazards. 

Corrosion resistance is important in 
Shipping fragile merchandise, valuable 
chemicals and cosmetics. Large sealed, 
aluminum containers designed for 
either rail or truck shipments are used 
for chemicals not suited to bulk ship- 
ment in box cars or hopper cars. Other 
examples of handling equipment in- 
clude: airplane baggage carts, wheel- 
barrows, hand shovels, pallets, dock 
boards, bakery cabinets, tipping slings, 
electric hoist housings, lift-truck parts, 
beverage cases, bread. handling racks 
and liquid transfer pumps. 

Coal Mine Machinery. The use of 
aluminum equipment in coal mines has 
increased in recent years; applications 
include cars, tubs and skips, roof props, 
nonsparking tools, portable jacklegs 
and shaking conveyors. Aluminum is 
resistant to the corrosive conditions 
generally associated with coal mines; 
the metal is self cleaning—wet coal 
will not stick to it—and it offers good 
resistance to abrasion, vibration, split- 
ting and tearing. 

Textile Equipment. Aluminum is used 
extensively in textile machinery and 
equipment in the form of extrusions, 
tube, sheet, castings and forgings. It 
is resistant to many corrosive agents 
encountered in textile mills and in the 
manufacture of yarns. High strength- 
weight ratia reduces inertia of high- 
speed machine parts. Permanent di- 
mensional accuracy, with light weight, 
improves the dynamic balance of ma- 
chine members running at high speeds 
and reduces vibration. Painting is 
usually unnecessary. Alloys include: 

3S-H14 for card rolls; 

3S-H18 for reed frames; 

61S-T6 for card rolls, roving frames, 
ring rails, spindle rails, roller beams, 
brush holders, bobbins, drying poles, 
finishing equipment, heddle frames, 
sewing machine parts, beam barrels, 
lay beams and hand rails; 


Trade name. 4S 


conditions O and H38 
2 Electrical resistivity at 25C (77F). 
conditions O and H38 
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ASTM numbers. B178-53T, B209-53T (sheet and plate) ; 
B274-53T (drawn pipe and tube); B210-53T, B275-53T 


4.186 microhm-cm, 


148S-T4 for card plates and flats, 
spinning drive cylinders, heddle frames, 
hosiery knitting machines, guide bar 
hangers and beam barrels; 

63S-T5 for card rolls, roving frames, 
spindle rails, roller beams, spinning 
mules, lay beams, hand rails, cloth 
rolls, yarn trays, plant construction, 
batten beams, and lap rolls; 

52S-H14 for separator blades; 

53S-T4 for spinning buckets; 

11S-T3 for tricot beams, spindles, 
spindle adaptor and spindle sheaths; 

24S-T4 for bobbins and’ hosiery pre- 
boarding machines. 

Portable Irrigation Pipe, 2 to 8 in. 
outside diameter, is extensively used 
for portable sprinkler irrigation sys- 
tems. The aluminum pipe is extruded 
or drawn in 63S, or roll formed and 
welded from 4S, 50S and other alloys. 

Jigs, Fixtures and Patterns. Thick 
cast or rolled aluminum plates and 
bars, precisely machined to high fin- 
ish and flatness, are used for tools and 
dies. The plate is suitable for hydro- 
press form blocks, hydro-stretch form 
dies, jigs, fixtures and other tooling. 
It is used in the aircraft industry for 
drill jigs, as formers, stiffeners and 
stringers for large assembly jigs, router 
bases and layout tables. Used in mas- 
ter tooling, cast aluminum eliminates 
thermal problems resulting from un- 
even expansion. Large aluminum bars 
can be used to replace zinc alloys as a 
fixture base on spar mills with weight 
savings of two-thirds. 

Cooking Utensils may be cast, drawn, 
spun, or drawn and spun. Handles 
are often joined to the utensil by riv- 
eting or spot welding. A cast alumi- 
num exterior is sometimes combined 
with stainless steel interior. 

Portable Tools use large quantities of 
aluminum for motor housings. Preci- 
sion-cast housings are used for power 
drills, power saws, gasoline-driven 
chain saws, sanders, buffing machines, 
screw drivers, grinders, power shears, 
hammers, impact tools and for sta- 
tionary bench tools. 


PROPERTIES OF ALUMINUM ALLOYS 


Al-1.2 Mn-1.0 Mg 


10 to 15% 


Mn; 08 to 13% 
max Cu; 0.7% max Fe; 0.30% max Si; 0.10% max Zn; 


Paper and Printing Industries. One 
of the principal applications is in re- 
turnable shipping cores. A tube of 
alloy 63S, fabricated in the same man- 
ner as irrigation tube, is used by some. 
The cores are reinforced with steel 
end-sleeves which also constitute wear- 
resistant drive elements. Processing 
or rewinding cores are fabricated of 
the same alloy. Fourdrinier or table 
rolls for paper-making machines are 
made of 61S. 

Curved aluminum sheet printing 
plates permit higher rotary press 
speeds and minimize misregister by 
decreasing centrifugal force. Alumi- 
num lithographing sheet offers good 
reproduction and ease of handling. 

Instruments. Aluminum alloys are 
used in the manufacture of clocks and 
instruments where their light weight 
is an advantage. High-silicon alloys 
are preferred because of their cast- 
ability, but anodizing must be done 
with care. Plates and wheels of heat 
treated alloys have been tested and 
appear to be satisfactory. Small quan- 
tities -f aluminum strip are used for 
such items as pointers, where weight 
of the moving part is important. 

Reflectors. Reflectivity of light is as 
high as 95% on specially prepared sur- 
faces of high-purity aluminum. Alu- 
minum is generally superior to other 
metals in its ability to reflect infra-red 
or heat rays of the sun. Heat reflec- 
tivity may be as much as 98% for a 
highly polished surface, reduced only 
slightly as the metal weathers and 
loses its initial brilliance. When max- 
imum reflectivity is desired, chemical 
or electrochemical brightening treat- 
ments are used. A short-time anodic 
treatment is usually given the parts, 
sometimes followed by a coat of clear 
lacquer. Reflectors which require less 
brightness may simply be buffed and 
lacquered. When a diffuse finish is de- 
sired, it may be obtained by etching in 
a mild caustic solution. This finish 
also is protected either by clear lacquer 
or an anodic coating, or both. 


11 Electrolytic solution potential versus N 10 calomel elec- 
trode is 0.84 volt (53 g NaCl + 3 g H,O, solution), con- 
ditions O and H38 


coe ye B178-53T (clad sheet and plate). Alloy K Mechanical properties. 
i ina 
1 Typical uses. Commercial roofing sheet and applications 
where strencths higher than 3S are required Condition psi psi‘? ee psi psi”? 
> 1 Density at 20C (68F). 2. 
cu in.) ». 212 6 per cu cm (0008 lb per Annealed O .. 26,000 10,000 20 25 45 16,000 14,000 
31,000 22,000 10 17 52 17,000 14,500 
D 1 Liquidus temperature. 651C (1205 F) Me sasvncders 34,000 27,000 9 12 63 18,000 15,000 
2 Solidus temperature. 630C (1165 F) H36 
one a) eld strength a offset. sp Pn 
20 to 100C (68 to 212 F). 0.0000232 per °C (c) Round specimen '» in. diam. (d) 500-kg load, 10-mm ball. ‘e) 
z 20 to 200 C (68 to 392 F). 0.0000242 per °C Based on 500,000,000 cycles of completely reversed stress using R. R 
2 20 to 300 C (68 to 572 F). 0.0000250 per °C Moore type machine and specimen 
? 16 Thermal conductivity at 25C (77 F). 2 Directional properties ‘various hard tempers of sheet). 
: 0.39 cal/sq cm/cm, C sec, conditions O and H38 Tensile strength and elongation are slightly lower in 
hy 19 Recrystallization temperature. 350C (650F) approx, transverse direction than in longitudinal direction. 
‘ 75% reduction L 2 Radiography. Same as for 2S alloy. 
E 1 Volume conductivity referred to standard copper. 42%, M Composition Limits. All forms (ASTM), components: 


Mg; impurities: 0.20% 


others (total) 0.15% max 


N 


2 Consequence of exceeding impurity limits. High copper 
reduces resistance to corrosion; high iron plus silicon 
decreases formability. 

1 Melting temperature range. 
1375 F) 

3 Alloying. Add manganese as aluminum-rich alloy and 
magnesium as pure metal to melt-down or molten base 
metal. 

7 Hot working temperature range. 
950 F) 


675 to 745C (1250 to 


260 to 540C (500 to 


10 Marimum reduction between anneals. 75% 


15 Heat treatment 


Annealing at 343C (650 F); holding 
at temperature is not required. 


17 Joining. Same as 3S 


1 
1 
E 


Co 


Annealed O 


H32 
H34 
H36 


H38 32,000 


fe) 
plet 


A 


B 


D 


1 


1 


E 


Co 
T5 
T6 
T83 


‘ci 


pletely r@ersed stresse ising R 


Tensile strength, psi 
Yield strength, psi” 
Elongation, “%‘? ... 25 25 35 55 70 85 95 


Tensile strength, psi 
Yield strength, psi'™ A 
Elongation, “'" ... 13 22 37 56 85 95 


Tensile strength, psi 
Yield strength, psit™ 
Elongation, cee 


- Temperature, deg Fahr 
Property'*? 212 300 400 500 700 


Annealed O 
26.000 21,000 
10.000 10.000 


26,000 
10.000 


5,000 
3.000 


14.000 
9.500 


10,000 
7,000 


7.000 
4.500 


Condition 
34,000 28.000 
27.000 24.000 


7.500 
4.500 


5,000 
3.000 


21,000 
15,000 


14,000 
7,000 


Condition 
40,000 39.000 30,000 
34,000 34,000 25,000 

6 8 15 


(a) Lowest strengths during 10,000 hr at the testing temperature 
Yield strengtn at 02° offset ‘c) Round specimen in. diam 


21.000 12.000 7.000 5,000 
14,000 7.000 4,500 3,000 
30 50 85 95 


Al-1.2 Mg 


2 Trade name. 50S 

3 ASTM numbers. B178-53T, B209-53T (sheet and plate) ; 
B274-53T (extruded and drawn tubing). Alloy GIA 

1 Typical uses. Sheet—trim in refrigerator applications; 
tubing—automobile gas and oil lines 

1 Density at 20C (68F). 2.69 g per cu cm (0.097 lb per 
cu in.) 

1 Liquidus temperature. 

2 Solidus temperature. 

6 Thermal expansion 
20 to 100C (68 to 212 F). 
20 to 200C (68 to 392 F). 0.0000246 per C 
20 to 300 C (68 to 572 F). 0.0000255 per C 

6 Thermal conductivity at 25C (77F). 
0.46 cal/cm*/cm, C sec, conditions O and H38 

9 Recrystallization temperature. 350C (650 F) 
75 reduction 

1 Volume conductivity referred to standard copper. 
conditions O and H38 


651C (1205 F) 
627C (1160 F) 


0.0000237 per °C 


approx, 


50%, 


Elon- 
gation, 


Endur- 
ance 

Limit, 


Tensile Yield 
Strength, Strength, 
ndition psi 


Shear 
Strength, 
psi 


21,000 
25.000 
28,000 
30.000 


8.000 24 
21,000 4 
24.000 
26,000 7 
29,000 6 


15,000 
17,000 
18,000 
19,000 14,000 

20,000 14,000 

(a) Yield strength at 02°, offset (b) Sheet specimen | in. thick. 
500-kg load, 10-mm ball ‘d' Based on 500,000,000 cycles of com- 
ely reversed stresses using R. R. Moore type machine and specimen 


12,000 
13,000 
13,000 


Tensile strength, psi 
Yield strength, psi‘ 8,000 


Tensile strength, psi 
Yield strength, 


Tensile strength, psi 
Yield strength, psi'' 


Electrical resistivity at 25C (77F). 3.516 microhm-cm, 
conditions O and H38. 

Mechanical properties. See tables below 

Directional properties ‘various hard tempers of sheet). 
Tensile strength and elongation are slightly lower in 
transverse direction than in longitudinal direction 
Composition Limits. All forms (ASTM), components 
1.0 to Meg; impurities: 0.20° max Cu; max 
Fe; 04° max Si; 0.10% max Mn; 0.255) max Zn; 0.10% 
max Cr; others (total) 0.15°) max 

Consequence of exceeding impurity limits. High copper 
reduces resistance to corrosion, high iron and silicon 
reduce formability, high silicon may reduce strength 
Melting temperature range. 1250 to 1375 F 

Hot working temperature range. 500 to 950 F 
Maximum reduction between anneals. 75‘ 

Heat treatment. Annealing at 343C (650 F); holding 
at temperature is not required. 


7 Joining. Same as 3S 


Temperature, deg Fahr 
Property’*’ § 212 300 400 500 600 700 


Annealed 
21.000 19.000 
8.000 8.000 
Condition H4t 
27,000 24,000 
24.000 21.000 
Condition 
31,000 26,006 
29.000 24,000 


(a) Lowest strengths in 10,000 hr. (b) 


21.000 14,000 


8,000 


9.000 
5,500 


6.000 
4,000 


4.000 
3,000 


28.000 
24,000 


14,000 
8,000 


9,000 
5,500 


6,000 
4,000 


4,000 
3,000 


32,000 
29.000 


14,000 9,000 6,000 
8.000 5.500 4.000 


Yield strength at 02 


4,000 
3.000 


offset 


Al-0.7 Mg-0.4 Si 


2 Trade name. 63S 

3 ASTM numbers. B241-53T, B274-53T (extruded or 
drawn pipe); B221-53T ‘extruded shapes); B235-53T 
(extruded tube). Alloy GS10A in all 

1 Typical uses. Extrusions — architectural applications; 
tubing—irrigation pipe 

1 Density at 20C (68F). 
cu in.) 

1 Liquidus temperature. 

2 Solidus temperature 

6 Thermal expansion 
20 to 100 C (68 to 212 F) 
20 to 200C (68 to 392 F). 0.0000245 per C 
20 to 300 C (68 to 572 F). 0.0000255 per C 

6 Thermal conductivity at 25C (77F). 
048 cal cm’ cm. C sec, condition T6 
0.51 cal cm’ cm, C sec, condition T83 

9 Recrystallization temperature. 350C 
75°) reduction 

1 Volume conductivity referred to standard copper. 
condition T6; condition T83. 


2.70 g per cu cm (0.098 lb per 


651C (1205 F) 
616C (1140 F) 


0.0000234 per C 


(650 F) approx. 


Elon- 
Tensile Yield gation, Shear 
Strength, Strength, Bhn Strength, 


ndition psi psi* psi 


Endur- 
ance 
Limit, 
psi” 
27.000 21,000 12 60 17.000 
35.000 31,000 12 73 22,000 
37,000 35,000 ll 82 22,000 
‘a’ Yield strength at 02 offset tb) Sheet specimen in. thick 
500-kg load, 10-mm ball ‘d: Based on 500,000,000 cycles of com- 
Moore type machine and specimen 


9.500 
9,500 


17 Joining 


Yield strength, psi‘ 
Elongation, 


Yield strength, 
Elongation, psit’? 18 15 20 40 75 80 105 


Electrical resistivity at 25C (77F). 3.317 microhm-cm, 
condition T6; 3.140 microhm-cm, condition T83 
Electrolytic solution potential versus 0.1N calomel elec- 
trode is 0.84 volt (53 g NaCl + 3 g H.O, solution), con- 
ditions T5 and T6 

Mechanical properties. See tables below. 

Composition Limits. All forms (ASTM), components: 
0.45 td Meg; 0.2 to 06° Si; impurities: 0.10°. max 
Cu; 035° max Fe; 0.10% max Zn; 0.10°) max Cr 
0.10% max Mn; 0.10% max Ti; others (total) 0.15°) max 
Consequences of exceeding impurity limits. High iron 
reduces formability, may reduce corrosion resistance 
Melting temperature range. 1250 to 1350 F 

Alloying. Add magnesium and silicon as pure metals 
or aluminum-rich alloy to molten base metal 

Hot working temperature range. 500 to 950F 

Heat treatment. Precipitation T5 232C (450 F), 1 to 2 
hr, cooling not critical; precipitation T6 177C (350 F), 
6 to 8 hr, cooling not critical 

Same as 61S 


Temperature, deg Pahr 
Property'* 212 300 400 0 700 


Condition T5 
ile strength, psi 27,000 24.000 20.000 9.000 3.000 2,500 
21.000 20.000 18.000 6,500 2,500 2,000 
22 18 20 40 : KO 105 
Condition 
31000 21.000 9.000 4.500 
28.000 20.000 6.500 3.500 2.500 


ile strength, psi 35,000 


31.000 


3.000 2.500 


2,000 


(ai Lowest strengths during 10.000 hr at the testing temperature 


Yield strength at 02°, offset ‘c) Round specimen in diam 
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Trade name. D132 alloy (permanent-mold casting) 
Typical uses. Applications where good high-tempera- 
ture strength, low coefficient of thermal expansion, and 
good resistance to wear are required. Automotive and 
Diesel pistons, pulleys and sheaves are typical. 
Density at 20C (68F). 2.76 g per cu cm (0.100 lb per 
cu in.) 
D 1 Liquidus temperature. 

2 Solidus temperature. 

6 Thermal expansion. 

20 to 100 C (68 to 212 F). 0.0000205 per “C 
20 to 300 C (68 to 572 F). 0.0000223 per 

11 Specific heat at 100C (212F). Approx 0.23 cal per g 

13 Latent heat of fusion. Approx 93 cal per g 

16 Thermal conductivity at 25C (717F). 0.25 cal/sq cm/ 
cm/ C/sec, condition T5 
Volume conductivity referred to standard copper. 
condition T5 
2 Electrical resistivity at 20C (68F). 
condition T5 
Electrolytic solution potential versus N/10 calomel elec- 
trode is — 0.78 volt, condition T5 (53 g NaCl + 3 g H,O, 
solution) 
Emissivity. 


~ 


Cc 


~ 


582C (1080 F) 
520 C (970 F) 


26%, 


6.631 microhm-cm, 


~ 


= 


0.035 to 0.07 at 25C (77F) in air 


K Mechanical properties. Permanent-mold cast, condition 
Tensile strength 36,000 psi; yield strength 28,000 


Trade name. 138 alloy (permanent-mold casting) 
Typical uses. Applications where a combination of high 
hardness in as-cast condition, good casting character- 
istics and good machinability are required. Sole plates 
for electric hand irons are typical. 
Density at 20C (68F). 2.95 g per cu cm (0.107 lb per 
cu in.) 
1 Liquidus temperature. 
2 Solidus temperature. 
6 Thermal expansion. 
20 to 100 C (68 to 212 F). 
20 to 200 C (68 to 392 F). 0.0000225 per 
20 to 300 C (68 to 572 F). 0.0000228 per “C 
11 Specific heat at 100C (212 F). Approx 0.23 cal per g 
13 Latent heat of fusion. Approx 93 cal per g 
16 Thermal conductivity at 25C (717F). 0.24 cal/sq cm/ 
C/sec. 
1 Volume conductivity referred to standard copper. 25%. 
2 Electrical resistivity at 20C (68F). 6894 microhm-cm 
1 Electrolytic solution potential versus N/10 calomel elec- 


A 
B 


D 


544C (1110 F) 
496 C (925 F) 


0.0000214 per °C 


Trade name. B214 alloy (sand and permanent-mold) 
ASTM number. B26-52T, Alloy GS42A (sand); B108- 
52T, Alloy GS42A ‘(permanent mold) 
B 1 Typical uses. Applications where excellent resistance 
to corrosion and tarnishing are required. Cooking 
utensils and pipe fittings for marine as well as for 
general use 
Density at 20C (68F). 
cu in) 
Liquidus temperature. 632C (1170 F) 
Solidus temperature. 587C (1090 F) 
6 Thermal expansion. 
20 to 100 C (68 to 212 F). 
20 to 200 C (68 to 392 F). 0.0000239 per °C 
20 to 300 C (68 to 572 F). 0.0000248 per °C 
11 Specific heat at 100C (212 F). Approx 0.23 cal per g 
13 Latent heat of fusion. Approx 93 cal per g 
16 Thermal conductivity at 25C (77F). 0.35 cal/sq cm/ 
C/sec. 
1 Volume conductivity referred to standard copper. 38% 
2 Electrical resistivity at 20C (68F). 4.537 microhm-cm 
1 Electrolytic solution potential versus N/10 calomel elec- 
trode is — 0.86 volt (53 g NaCl + 3 g H.O, solution) 
F 5 Emissivity. 0.035 to 0.07 at 25C (77F) in air 
K Mechanical Properties. Sand cast: ‘Tensile strength 
20,000 psi; yield strength 13,000 psi; compressive yield 
strength 14,000 psi; elongation (round specimens ‘-in. 


w& 


2.65 g per cu cm (0.096 lb per 
D 


0.0000228 per °C 
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Al-9 Si-3.5 Cu-0.8 Mg-0.8 Ni 


Al-10.0 Cu-4.0 Si-0.3 Mg 


A1-3.8 Mg-1.8 Si 


psi; compressive yield strength 28,000 psi; elongation 
(round specimens, '2-in. diam) 1.0%; Bhn (500-kg 
load, 10-mm ball) 105; modulus of elasticity 10,300,000 
psi; shear strength 28,000 psi; modulus of rigidity 
3,850,000 psi; Poisson's ratio 0.33. 


Temperature, deg Fahr 
Property’? 75 212 300 400 500 600 700 


Permanent-mold cast, Condition 


Tensile strength, psi 36,000 33,000 28,000 20.000 14,000 9,000 5,500 
Yield strength, psi. 28,000 28,000 23,000 13,000 9,000 6,000 4,000 
Elongation, % ..... 1.0 1.5 2.0 5.0 10.0 20.0 40.0 


‘a) Lowest strengths during 10,000 hr at testing temperature 


L 2 Radiography. Same as for A132 alloy 

M Composition Limits. Permanent-mold cast, Compo- 
nents: 2.0 to 40% Cu; 8.5 to 10.5% Si; 0.5 to 15% Meg; 

0.5 to 15% Ni; impurities (mar): 12% Fe; 0.5% Mn; 

0.5% Zn; 0.2% Ti; others (total) 0.5% 

Consequences of exceeding impurity limits. 

promotes shrinkage difficulties. 

Melting temperature. 677 to 816C (1250 to 1500 F) 

Casting temperature. 677 to 788C (1250 to 1450 F) 

Alloying. Same as for A132 alloy 

Type of flux for remelting for casting. Same as 138 

Heat treatment. No solution heat treatment. Con- 

dition T5, 7 to 9 hr at 204C (400 F), cooling not critical. 


High iron 


~ 


trode is —0.74 volt (53 g NaCl + 3 g H.O., solution) 

F 5 Emissivity. 0.035 to 0.07 at 25C (77F) in air 

K Mechanical Properties. Permanent-mold cast: Tensile 
strength 30,000 psi; yield strength 24,000 psi; compres- 
Sive yield strength 30,000 psi; elongation (round speci- 
mens, ':-in. diam) 1.5°%; Bhn (500-kg load, 10-mm ball) 
100; modulus of elasticity 10,300,000 psi; shear strength 
24,000 psi; modulus of rigidity 3,850,000 psi 

L 2 Radiography. Same as for 122 alloy (Al-10 Cu-0.2 Mg) 

M Composition Limits. Permanent Mold Cast, Compo- 

nents: 9.5 to 10.5% Cu; 3.5 to 4.5% Si; 0.15 to 0.35% 

Mg; impurities (mar): 1.5% Fe; 0.5% Mn; 0.5% Zn; 

0.5°% Ni; 0.2% Ti; others (total) 0.5% 

Melting temperature. 677 to 816C (1250 to 1500 F) 

Casting temperature. 677 to 788C (1250 to 1450 F) 

Alloying. Add copper as pure metal or aluminum-rich 

alloy to base metal (pure), either in melt-down or 

molten alloy. Add magnesium as pure metal. 

Type of flux for remelting for casting. Gaseous type 

nitrogen or chlorine; or solid type, chloride base 


diam) 2.0%; Bhn (500-kg load, 10-mm ball) 50; mod- 

ulus of elasticity 10,300,000 psi; shear strength 17,000 
psi; modulus of rigidity 3,850,000 psi 

L 2 Radiography. Type A or 506 film using no intensifying 
screen, cardboard exposure holder, 36-in. focal distance, 
General Electric OX-140 unit, 2.0 H & D film density 


Section, in. Volts Milliamp Time, min 
60.000 80 10 
1 90,000 7.0 10 
1'2 110,000 6.0 1.0 
2 135,000 5.0 1.0 
M Composition Limits. Sand Cast, Components: 3.5 to 


45% Mg; 14 to 2.2% Si; impurities (mar): 03° Cu; 
0.6% Fe; 08% Mn; 0.3% Zn; 0.2% Ti; 0.2% Cr; others 
(each) 0.05% 

2 Consequences of exceeding impurity limits. High cop- 
per, nickel, or tin impairs resistance to corrosion. High 
iron decreases strength and ductility. 

N 1 Melting temperature. 677 to 816C (1250 to 1500 F) 

2 Casting temperature. 677 to 788C (1250 to 1450 F) 

3 Alloying. Add magnesium as pure metal to molten base 
metal (pure). Add silicon as pure metal or aluminum- 
rich alloy to base metal (pure). 

5 Type of flux for remelting for casting. 


Same as 138 
17 Joining. Rivet compositions. 


53S-T4, 53S-T6, 53S-T61. 


Other joining methods. Same as for 214 alloy 


Condi- 
tion 


T4 


oO 

H32 
H34 
H36 


oO 
134 
H36 


oO 

H32 
H34 
H36 
H38 


‘f) 


R. R 


H112 


Al-6.5 Zn 


T7™ 


Tensile 


psi 


43,000 


55.000 
50,000 
48,000 


64,000 


Al -0.8 Mg 


17,000 
20,000 
23,000 
26,000 
29.000 
20,000 
23,000 
26,000 
28,000 


Yield Elon- jrinell Shear Fatigue 
Strength, Strength, gation, Hard- Strength, Limit,” 
psi ‘ ness‘* psi psi 


Al -2.5 Cu-0.3 Mg (‘(A17S) Rivet Wire and Rivets (AMS 7222) 


24,000 27 70 28,000 13,500 


Al- 4.0 Cu - 2.0 Ni-1.5 Mg (B18S) Forging Stock (ASTM CN42D) 


40,000 
40,000 


37,000 11 95 30,000 


Al - 2.0 Cu- 1.0 Fe-1.5 Mg - 1.0 Ni (F18S) Forging Stock 


54.000 10 125 38.000 20,000 
(A50S, K155 and R305) Plate and Sheet 

6,000 28 11,000 
19,000 

22 000 5" 

25,000 a 

28,000 
17,000 we 36 12,000 
20,000 41 13,000 
24,000 5" 46 15,000 
25,000 6' 51 17,000 


Al - 0.6 Mg - 0.35 Si-0.25 Cu (J51S) Sheet 


17.000 
20,000 
25,000 
20,000 
35,000 
29,000 


(A54S) Plate, Sheet 


34,000 
39,000 
42,000 
45,000 
47,000 


38,000 
48,000 
52,000 
39,000 


Al-1.0 Mg - 0.3 Mn 


19,000 
22.000 
25.000 
28,000 
32,000 


17,000 
33,000 
42,000 


6,008) 28 
13,000 
11,000 
6,500 
30,000 10 
18,000 


Al-3.5 Mg - 0.25 Cr 


. Rod, Bar, Shapes, Pipe and Tube (ASTM GR40A) 


15,000 aa 58 21,000 17,000 
245,000 67 22,000 18,000 
33,000 73 24.000 19,000 
36,000 12°" 78 26,000 20,000 
39.000 Ww 87 27,000 21,000 
16,000 17.000 


(Clad 55S) Plate and Sheet 
20 000 
46,000 
40,000 
24,000 


(C57S) Plate and Sheet 
7,000 25 32 12,000 
19.000 ge 40 13,000 
22.000 a 45 15,000 
26,000 me 51 17,000 
30,000 a 55 18,000 


Al - 1.0 Mg - 0.6 Si - 0.25 Cu - 0.25 Cr Clad With Al-1.0 Zn 
(Clad 61S) Plate and Sheet for 


Pressure Vessels (ASTM GS11) 


7,000 251 ak 11.000 
19.000 22,000 
37,000 27,000 


Al - 1.0 Mg - 0.6 Si- 9.25 Cu-0.1Cr 


(62S) Extruded Rod, Bar 


and Shapes 


165,000 7.000 30 28 12,000 9,000 

35,000 21,000 25 65 24,000 14,000 
45,000 40,000 17 95 30,000 14,000 
Al-4.0 Mg -0.5 Si (F214) Sand Castings 

21,000 12 000 3 1) 17,000 


35,000 


- 0.7 Mg -0.5 Cu (A612) Sand Castings (ASTM ZG61B) 


25,000 5 75 26.000 8,000 


Al - 3.0 Zn - 1.6 Mg -0.5 Mn -0.3 Cr 
(Ternalloy 5) Sand Castings (ASTM ZG32A) 


29 000 
35,000 


33,000 
42,000 


13.000 12 
19,000 9 65 
Chill Castings 
15,000 22 55 
21,000 18 70 


Al - 4.25 Zn - 2.1 Mg -0.55 Mn -0.3 Cr 


(Ternalloy 7) Sand Castings 


30,000 


37,000 
44,000 
43,000 


42.000 
47.000 
49,000 
53.000 
(a) 500-kg load; 10-mm ball (b) 
Moore-type 


rotating 


(ASTM ZG42A) 


19,000 5 65 
27,000 3 85 
40.000 15 80 
38,000 15 60 
Chill Castings 
24.000 14 75 
29 000 8 85 
36 000 95 95 
43,000 65 95 


beam imachine (c) Sheet specimer 


Typical Properties of Aluminum Alloys 
(Alloys not included in 1948 Metals Handbook or on pages 60 to 62 in this Supplement) 


3ased on 500,000,000 cycles using 


in 


Composition Limits 


020 to 0.50 Me 
Mn; 0.10 Zn 


AMS 7222. 
impurities (max), 1.00 
0.25°, Cr; others 


Components, 22 to 30% Cu 
Fe: 0.80 Si: 0.20 


(each) 0.05 (total) 0.15 


35 to 45 Ce: 4.7 
ooo 
(to- 


ASTM CN42D (B247-50T). 
to 24 Ni, l2to18 Meg 
Si, 0.20 Mn, 0.25 Zn; 0.10 C1 
tal) 0.15"; 


Components 
impurities (max), 10 Fe 
others ceach) 0.05 


(Limits not established) 


Commercial A50OS, K155 and R305. 
Mg: impur'ties (max), 0.20 Cu; 07 
Mn; 0.255, Zn; 0.10°) Cr; others (each) 0.05; 


Components, 0.50 to 11% 
O40 Si, 0.20 
(total) 0.15", 


Commercial 3518. Components, 040 to0 8) Mg: 0.20 to 0.50% 


Si; 0.15 to 040 Cu: impurities (max), 08) Fe; 020% Zn; 
others (each) 0.05) (total) 0.15 
ASTM GRA (B178-53T plate and sheet): B273-53T bars, 


and tube. Components 
impurities (max), 0.10% 
020°, Zn; 020°, Ti; others 


rods and shapes 
3.1 to 39 Me: 0.15 to 0.35 cr 
Cu; 045". Fe plus Si; 0.10%) Mn 
(each) 0.05, (total) 0.15%; 


B274-53T pipe 


Commercial Alclad 558. Core: components, 40 to 5.0% Mg 
0.30 to 0.80") Mn; impurities (max), 0.25", Cu; 0.70% Fe plus 
Si, 0.30 Si; 0.25) Zn; 0.25 Cr; others teach) 0.05 (total) 


O15 Cladding 
(max), 0.10 Cu: 06, 
005) (total) 0.15% 


components, 0.75 to 1.25 Zn, impurities 
Fe plus Si; 0.10% Mn, others (each) 


0.15 to 0.45 
Si; others 


Commercial C578. Components, 08 to 12°. Mg 
Mn; impurities (max), 0.07%, Cu; 0.17 Fe; 0.12'; 
feach) 0.05 (total) 0.15% 


ASTM GSII1A (B178-52T). Core; components, 0.80 to 12% 
Me. 0.40 to 0.80 Si. 0.15 to 0.40 Cu, 0.15 to 0.35 Cr; im- 
purities (max), 0.70 Fe, 0.15 Mn; 0.20 Zn; O15 Ti 
others teach) 0.05 (total) O15 Cladding; components 
0.75 to 1.25) Zn; impurities (max), 0.10", Cu; 0.60%, Fe plus 
Si; 0.10%, Mn; others ceach) 0.05%) (total) 0.15%; 


Commercial 628. 
Si: 0.15 to 040 
0.70') Fe; 0.15", 
(total) 0.15 


OB to 12 Meg: 0.40 to 0.80 
to 0.15 cr: (max) 
Zn; 0.15. Ti; others (each) 0.05 


Components, 
Cu; 0.04 
Mn, 0 20°, 


impurities 


35 to 45 Meg; 03 to 07 
Mn, 01 Zn 


Commercial F214, Components 
Si: impurities (max), 01 Cu, 04 Fe; 0.3’; 


02°. Ti; others teach) 0.05 

ASTM ZG61B (626-527). Components, 60 to 70" Zn, 060 
to 0.80 Me: 0.35 to 0.65 Cu; impurities (max), 05 Fe 
0.15; Si; 005, Mn; 0.20% Ti; others teach) 0.05 (total) 
0.15% 


ASTM ZG32A (8 26-52T and 8108-527). Component 
33°. Zn: 1410 18) Me; 04 to 06% Mn: 02 to 04, Cr; im- 
puritie Cu; 08, Fe, 02, Si, 02 ri, 02%) Ni 
others 0.5 


(max), 02 


each 


ASTM ZG42A (B26-52T and B108-52T). Cormponents, 40 to 
45°) Zn; 18 to 24 My, 04 to 06 Mn, 02to 04 Cr; im- 
purities (max), 02% Cu, 08) Fe; 02", Si; 02 ri; 02°, No 
others 0.5 each 

thick (d) Cooling during treatment by water quenching 
(e) Cooling during treatment t air cooling (f) 21 day 

at room temperature or 8 hr at 210 F (gv) 4to 16 br at 980 
to 1000 F, cold water quench, 3 to 5 hr at 200 to S10 F (th) 


4 to 16 hr at 980 to 1000 F, cold 4to 6 hr at 340 


to 360 F 


water quench 


15. 
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Selection of Copper and Copper Alloys 


By the ASM Committee on Copper 


THIS article is intended to assist in 
the selection of copper alloys; it is 
therefore divided according to the 
principal factors which govern  par- 
ticular uses. Thus, electrical and ther- 
mal conductivity, strength, formability, 
machinability, surface finish, join- 
ability and corrosion resistance are 
principal subdivisions for the wrought 
materials; for casting alloys, cast- 
ability, mechanical properties, bearing 
and wear qualities, corrosion resistance 
and electrical-thermal conductivity are 
considered. 

Because of the many interconnections 
among the principal factors, reference 
is made under each principal heading 
to a number of the other factors which 
are closely related for the applications 
discussed. 


WROUGHITE FORMS 


Nominal compositions of the wrought 
alloys are listed in Table I. 

Electrical Conductivity. Electrolytic 
tough pitch copper is the preferred 
material for current-carrying members. 
Conductivity is 100% (Table II) in the 
softest temper with 32,000 psi tensile 
strength, and 97% in spring rolled 
temper at 50,000 to 55,000 psi tensile 
strength. 

Temperature above 400 F will soften 
tough pitch copper to a tensile strength 
of 30,000 to 35,000 psi. The three silver- 
bearing coppers resist. softening up to 
about 650 F, and are less susceptible to 
stress-rupture in highly stressed parts 
such as turbo-generator windings, and 
high-speed commutators. If electro- 
lytic copper is exposed to temperatures 
above 700F and reducing gases, espe- 
cially hydrogen, embrittlement may 
take place. Oxygen-free copper or 
phosphor-deoxidized copper is then 
specified. 

A combination of 70,000 psi tensile 
strength with conductivity of 80% and 
higher, suited to spot welding tips and 
seam welding wheels, can be obtained 
with heat treated chromium copper, 
which is available in some forms. 

Where tensile strength up to 215,000 
psi and fatigue strength of 36,000 psi 
are required and where the penalty of 
17% conductivity and high cost are 
tolerable, heat treated beryllium copper 
can be used if the combined effect of 
ambient temperature and electrical re- 
sistance of the part holds temperatures 
below 700 F 

Conducting springs, contacts and 
similarly highly stressed members 
which also may have to be formed may 
use chromium copper or beryllium cop- 
per. Parts are shaped soft and then 
strengthened by heat treatment. 

Parts which must be highly ma- 
chined and highly conductive should 
be made from the free-machining cop- 
pers. The most used is tellurium cop- 


Supplements the Copper Section 
of the 1948 ASM Metals Hand- 
book, pages 841 to 942 
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per which has 90% conductivity and 
90% machinability. Leaded copper 
(1% Pb) or selenium copper (0.6% Se) 
is also used because of the 80% 
machinability ratings with most other 
properties similar to copper. If tensile 
strengths of 64,000 to 76,000 psi are 
required at 80° machinability, heat 
treated and hard drawn forms of tel- 
lurium-nickel copper should be chosen, 
provided electrical conductivity of 50% 
is permissible. 


Thermal Conductivity 

The thermal conductivity changes in- 
duced by the alloying of copper are of 
the same magnitude as those for elec- 
trical conductivity (‘Table II). Major 
heat-exchange applications are in auto- 
motive heaters and radiators, heating 
coils of all types, air conditioning 
condensers and evaporators, soldering 
irons, welding torch tips and resistance 
welding electrodes. While surface area 
and film coefficients frequently affect 
total heat flow more than metal con- 
ductivity itself, equipment requiring 
heat exchange of high order may best 
use copper. 

Heating coils are made of tubing 
which, if bent, is specified in deoxidized 
copper at soft temper or with light cold 
working to increase temper for better 
handling. The same applies to air con- 
ditioning and refrigeration coils for 
evaporators and condensers. Welding 
torch tips may be swaged to shape 
from rod, preferably of soft temper. 
In machined soldering iron and weld- 
ing torch tips, free-cutting copper is 
superior. 

Soft solder is widely used in the 
manufacture of radiators and heaters, 
as well as for similar applications 
where the operating temperatures are 
within the limitations of soft solder. 

Welding torch tips and _ soldering 
irons are not subject to corrosion as 
such. Refrigeration and air condition- 
ing equipment may be in contact with 
water or air, or both, and also may be 


exposed to various “Freons”, ammo- 
nia, sulfur dioxide and bromide-water 
solutions. All Freons are noncorrosive 
to copper and its alloys. Copper can 
be used where ammonia or sulfur di- 
oxide is involved only if these are an- 
hydrous. Bromide-water solutions are 
best handled by cupro-nickel, with cop- 
per a second choice. 

Corrosion is not serious in most U. S. 
fresh waters admitted to heat-exchange 
equipment. Salt or brackish waters 
call for cupro-nickel, inhibited alumi- 
num brass or inhibited admiralty metal, 
in descending order of excellence and 
allowable water velocity. 

Atmospheric corrosion is not a se- 
rious problem except in seacoast areas, 
or in highly contaminated industrial 
sections. Electrolytic action may be 
severe under these conditions, if the 
potential difference between dissimilar 
metals is high ‘see page 895 of the 
1948 Metals Handbook). 


Mechanical Strength 


Strength is determined principally 
by composition and cold work, except for 
the heat treatable alloys. Applications 
may be divided into three categories 
listed in Table III. 

Copper and copper-zinc alloys with 
aluminum, tin, silicon, iron and man- 
ganese in various combinations are 
much stronger than other coppers or 
brasses. For heavy sections of plate, 
rod and bar, inherently strong alloys 
such as’ aluminum bronze or silicon 
bronze should be specified. For light 
sections which can be obtained in the 
stronger tempers, other alloys may be 
adequate. 

Yield Strength of copper alloys is 
usually taken arbitrarily at 0.5% ex- 
tension under load, although this may 
not be the value most pertinent in de- 
sign. Values for 0.1 or 0.2% offset 
yield may be more useful. 

Where residual stresses are high 
enough to cause stress-corrosion crack- 
ing or where stresses from forming may 
give rise to drift in springs, diaphragms 
and other stressed members, low-tem- 
perature stress relieving is advisable. 

In spring applications choice of tem- 
per is limited by severity of the form- 
ing operations. For pressure vessels, 
roll forming of sides and hot or cold 
forming of heads are involved. Alloys 
in Table III are adaptable to such 
shaping, and the choice usually de- 
pends on weldability or corrosion re- 
sistance. Naval brass, however, cannot 
be cold formed readily. 

All cold worked alloys will be sof- 
tened by temperatures incident to the 
brazing and welding of pressure vessel 
components. Spot and seam welding 
may be controlled so that little soften- 
ing occurs and high enough strength is 
retained for most purposes. 

Machinability of aluminum-silicon 
bronze rod is good enough to make this 
alloy suitable for high-strength appli- 
cations. Tellurium-nickel copper also 
meets the requirements, but is a more 
expensive alloy and must be heat treated. 
Leaded naval brass and free-cutting 
brass rod are less costly but lower in 
strength. 

Fatigue Strength is an important 
consideration in the design of springs, 
diaphragms, bellows, flexible hose and 
similar applications. The best alloys, 
in approximately descending order, are: 
beryllium copper, phosphor bronze D, 
C and A; nickel silver B and silicon 


‘ 


bronze A. The first note in Table III 
gives some approximate values 

Temperatures as low as — 300F do 
not embrittle copper alloys and do 
impart a slight gain in strength and 
toughness. In high-temperature uses, 
70-30 cupro-nickel and 10% aluminum 
bronze are advantageous because of 
their oxidation resistance. Most cop- 
per alloys soften between 400 and 800 F, 
depending on the amount of cold work 
during fabrication and the alloy in- 
volved. Creep rates and oxidation re- 
sistance are low by alloy steel stand- 
ards. The Unfired Pressure Vessel 
Code of the ASME is one of the best 
references for stress and temperature 
limitations. 


Formability 


Best results in cold forming operations 
are obtained with the nonleaded alloys, 
including electrolytic tough pitch, sil- 
ver-bearing, deoxidized and oxygen- 
free coppers; all nonleaded brasses 
over 63°% Cu; all phosphor bronzes; 
silicon bronzes A and B; nickel silver 
A; cupro-nickels; and the heat treat- 
able alloys in the solution annealed 
condition. 

All coppers form readily and work 
harden slowly. Occasionally oxygen- 
free and deoxidized copper may be best 
for severe cold forming. Deoxidized 
copper is almost always used for tubu- 
lar products. 

Cartridge brass (70% Cu) is most 
popular for operations such as cold 
drawing, upsetting and bending, wheth- 
er in strip, rod or tube form Red 
brass (85°) Cu), commercial bronze 
‘90°, Cu) and gilding metal (95% Cu) 
are not so strong, but harden slowly, 
permitting successive operations with- 
out intermediate annealing. 


Table I. 
Alloy 


Coppers 
Electrolytic tough pitch (ETP) 
Phosphorized, low residual phosphorus (DLP) 
Lake 
Silver-bearing (10-15) 
Silver-bearing (25-30) 
Oxygen-free (OF) (no 
Free-cutting 
Free-cutting 
Free-cutting 
Chromium copper 
Cadmium copper ; 
Tellurium-nickel copper (heat treatable) 
Beryllium copper (heat treatable) 


residual deoxidants) 


(heat treatable) 


Cu- 
Plain Brasses 

Gilding metal 

Commercial bronze 

Red brass 

Low brass P 

Cartridge brass 

Drawing brass 

Muntz metal 


Free-Cutting Brasses 


Leaded commercial bronze (rod) 
Leaded brass strip (B121-3) 
Leaded brass strip ‘B121-5) 
Leaded brass tube (B135-3) 
Leaded brass tube (B135-4) 
Medium-leaded brass rod 
High-leaded brass rod 
Free-cutting brass rod (B16) 
Forging brass 
Architectural bronze 
For another 
together with 
to data sheet 


¢ 


(a) 
erties, 
refer 


machining 


99.90 Cu-0040 
Phosphorized, high residual phosphorus (DHP)... 


Cu -10 to 15 0z ton Ag 
Cu 


Cc 


98.4 Cu-1.1Ni-05 Te 
2 Be - 0.25 Co or 0.35 Ni 


89 Cu - 9.25 Zn - 


recent tabulation of compositions and prop- 
and fabricating 
Standard Commercial Wrought Copper 
Brasses, Nonleaded and Leaded”, Metal Progress, December 1952 


Deep drawing, coining, flanging or 
similar cold working all require an- 
nealed material, usual'y specified by 
grain size. Thus, light gages of strip 
may have grain size less than 0.050 mm, 
and heavy gages more than this figure 
Coining operations require metal of 
large grain size for maximum sharp- 
ness of impression. Cold upsetting, 
especially of screws, rivets and bolts, 
should be done on metal lightly cold 
drawn to develop some strength in un- 
supported sections to resist bending. 
Silicon bronze B is an exception be- 
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Composition, 


Alloy 


cause it can be cold upset in “bolt 
temper” ‘see ASTM B98) 

Forging brass, architectural bronze 
and aluminum-silicon bronze are not 
adapted to most cold working opera- 
tions. Annealed tellurium and selenium 
copper may be cold worked extensively 
and are so used, especially for welding 
torch tips. 

Bending properties of cold rolled 
strip vary with thickness, rolling direc- 
tion and temper. Most of the non- 
leaded alloys can be bent 90° in any 
direction at 0.020 gage in 2 numbers 
hard. Oxygen-free copper will bend 
sharply at 4 numbers hard. Between 
4 and 6 numbers hard, radii of 1/16 to 
3 32 in. are minimum for bends parallel 
to the rolling direction; if bends are 
perpendicular, radii may need to be 
increased to *, in. In spring temper 
(8 numbers hard) radii of 3 32 to *» in. 
are needed 

Leaded brass strip is used for keys, 
watches and clocks but free-cutting 
alloys do not bend well and should be 
avoided unless machining also is re- 
quired 

~arts blanked from strip and subse 
quently punched, pierced or shaved are 
best made from a leaded brass like 
alloy 5 in ASTM B121 (65% Cu, 2% 
Pb), rather than nonleaded material 
For cold drawing into limited shapes, 
along with good machinability, alloy 3 
in this specification (1% Pb) is a 
better choice 

Hot Forming is best suited to the 
two-phase alloys, although infrequently 
single-phase alloys may be used (ASTM 
B124). Die-pressed forgings and ex- 
trusions are most often made from 
leaded brass. In the hot forming of 
leaded alloys, the metal should be com- 
pletely supported to avoid cracking 

Alloys commonly specified for hot 


Nominal Compositions of Wrought Copper Alloys” 


Composition, % 


Miscellaneous Brasses 


Admiralty 
Naval brass 

Leaded naval bras: 
Aluminum brass 
Manganese brass 
Manganese bronze rod 


99.90 Cu - 0.02 P 
..99.90 Cu 0.005 P 
Cu -8 07 ton Ag 


25 to 30 oz ton Ag 
99.92 Cu (min) 

99 Cu-1Pb 

995 Cu-05 Te 
99.4 Cu -06Se 

u 4+ Cr and Ag or Zn 
99 Cu-1Cd 


Manganese bronze rod 


Grade A 


Grade 
Grade D 
Grade E 
444 bronze rod (B139 


95 Cu- 5 Zn 
99 Cu-10 Zn 
85 Cu - 15 Zn 
80 Cu — 20 Zn 
we 30 Zn 
65 Cu - 35 Zn 
60 Cu -40 Zn 


A‘ 


Silicon bronze 
Silicon bronze 
Aluminum bronze 5°, 
Aluminum bronze 7’ 

Aluminum bronze 10°, 
Aluminum-silicon 


1.75 Pb 
65 Cu - 34 Zn -1 Pb 
65 Cu - 33 Zn -2 Pb 


66 Cu - 33.55 Zn -05 Pb 
66 Cu 
64.5 Cu - 
615 Cu - 35.5 Zn - 3 Pb 


324 Zn-16Pb 
345 Zn-1Pb 
35.75 Zn - 1.75 Pb 


Cupro-nickel 10% 
Cupro-nickel 30% 
Nickel silver A 
Nickel silver B 
Leaded nickel silver 
tb) 


60 Cu - 38 Zn -2 Pb 
57 Cu-40 Zn -3 Pb 
One or more 
characteristics, 
and nickel and manganese 


metal (inhibited) 


(inhibited) 


Grade B (rod, B139, Alloy Bl) 


Alloy B2) 


bronze 


rod 


of the 
or a combination of iron and nickel may be pre 


71 Cu-28Z7n-15n 
39.25 Zn Sn 
375 Zn-175 Pb 
76 Cu 22 Zn 
70 Cu ~ 28.7 Zn 


60 Cu 


13 Mn 
A (B138) 
B (B138) 
65.5 Cu 


39 Zn -14Fe-1Sn-01Mn 


233 Zn-45Al-3.7 Mn-3Fe 
Phosphor Bronzes 
95 Cu 
5 Sn 
92 Cu 
wCu 
9875 Cu 


5 Sn 
1Pb 
8Sn 
10 Sn 
1.25 Sn 
4Pb 


#6 Cu 


Miscellaneous Bronzes 


‘u-3Si 
175 
95 Cu 
TAI 
Cu 


1Mn 
3 Mn 
5 Al 
2Fe 


91Cu 


Nickel Alloys 
Cu 
Cu 
19 Zn 


anganese 


10 Ni 
BON) 
17 Zn 
27 Zn 
18 Ni 


15 Fe 
05 Fe 
14 Ni 
14 Ni 
Pb 
and zine 
ic) Iron, 
totaling up to 


(B51) 


elements 


§2 Cu 


tin, nm iron 


ent also 


may be present in amount 


11) in 10% aluminum bronze 


JULY 15, 1954; PAGE 65 


. 
| 
| 
? 
— 
Cu 


forming include many coppers, brasses 
with less than 63% Cu, naval brass, 
manganese bronze, leaded brasses, alu- 
minum-silicon bronze (7% Al, 2% Si), 
Silicon bronze A and cupro-nickel. 

Important data pertaining to form- 
ing methods and characteristics will 
be found on pages 859 and 867 of the 
1948 Metals Handbook. 


Machinability 


Most copper alloy parts made on 
high-speed automatic screw machines 
are specified to be of free-cutting brass 
rod in '4-hard temper. The applica- 
tions include components for automo- 
biles, refrigeration and air conditioning 
equipment, decorative elements, plumb- 
ing, hardware, camera parts, valves, 
screws and hundreds of others. Free- 
cutting copper is popular for welding 
torch tips, soldering iron points and 
miscellaneous electrical units. Relative 
machinability of principal copper-base 
alloys is listed in Table IV. 

Lead does not dissolve in copper 
alloys but is finely dispersed through- 
out the alloy matrix. As a result it 
provides a lubricant for the cutting 
tool and results in relatively low tool 
wear. It breaks the chips so they are 
easily flushed away by lubricants. 
Finishes are very good with proper 
tools and feeds, and machining rates 
are frequently as high as maximum 
machine capacity. For tool shapes, 
feeds and speeds, see page 885 of the 
1948 Metals Handbook. 

Standard '+-hard free-cutting brass 
is favored for straight machining. It 
can also be knurled, thread rolled (fine 
pitch), roll lettered and bent, within 
the limits of much commercial work. 
For precision operations softer or 
lower-leaded alloys such as medium- 
leaded or high-leaded brass should be 
specified. These alloys with softer 
tempers also are superior for spinning, 
staking and expanding. 

Extruded shapes or forgings in elec- 
trolytic or free-cutting copper, or ar- 
chitectural bronze, may offer substan- 
tial cost savings by eliminating ma- 
chining operations, 


Table If. Comparative Conductivity 
of Wrought Copper Alloys 


Alloy Rating’*’ 
Coppers 
Blectrolytic (ETP) 100 
Silver-bearing, 8 oz ......... 100 
Silver-bearing, 10 to 15 oz ....... 100 
Silver-bearing, 25 to 30 0z ....... 100 
Oxygen-free (OF) .............. 100 
Phosphorized (DLP) .. ere 100 
Free-cutting (Se, Te or Pb).... 90 to 98 
Chromium coppers .............. 80to0 90 
Phosphorized (DHP) ....... 80 to 90 
Cadmium copper (1%) .......... 80 to 90 
Tellurium-nickel copper ‘neue 50 
Copper Alloys 

Brasses 
Phosphor bronze E |............ 25 to 50 
Naval brass | 
Admiralty metal 
Phosphor bronze A, C, D 
Aluminum bronze 5%  t...... 10 to 20 
Silicon bronze B 
Beryllium copper | 
Cupro-nickel 30% 
Nickel silver 5 to 10 


Aluminum bronze (over 5% Al) 
Silicon bronze A } 

(a) All values are for the annealed con- 
dition. Cold worked alloys may be as much 
as 5 points lower. Compositions in Table I. 
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Tubular parts to be machined and 
lightly cold formed may be made of 
leaded brass containing 33.5% Zn and 
0.5% Pb ‘(Alloy 3, ASTM B135), but if 
these are only for machining, the lead 
content should be 1.5% (Alloy 4, ASTM 
B135). (See section on Forming.) 

Standard '+-hard free-cutting brass 
rod is not suitable for riveting, severe 
peening by rolling or hammering, ex- 
treme cold upsetting, high-precision 
roll threading, knurling or similar cold 
working. To anneal small parts after 
machining may be the best solution in 
providing for peening or riveting oper- 
ations if the design permits. Without 
annealing, lower-leaded alloys are best 
for combined machining and cold 
working. 

Where electrical conductivity is a 
consideration, the cross section of a 
part may be such that the conductivity 
range of 25 to 45% of free-cutting brass 
is insufficient; if so, free-cutting copper 
is recommended (‘see Electrical Con- 
ductivity). 


Surface Finish 


Surface finish is naturally a primary 
consideration in copper alloys for dec- 
oration, particularly where the natural 
metal color is a part of the eye appeal. 

Copper alloys are the only tonnage 
metals not white or gray. The red and 
yellow color range is wide—red or pink 
for copper; gold shades for gilding 
metal, commercial bronze and 85-15 
brass; becoming more yellow at 80-20 
(low) brass, to characteristic brass 
color at the 70-30 composition. A color 
reversal is evident at about 60-40 Cu- 
Zn, so Muntz metal and architectural 
bronze are reddish yellow and may be 
matched with 85-15 brass. 

Copper alloys offer a noncorrosive 
surface for plating of tin, nickel, chro- 
mium and silver and allow thinner 
coatings than other metals. A _ base- 
plate of copper is unnecessary under 
nickel or chromium unless discolored 
solder joints need covering, and then 
only a flash plate is required. Details 
of pickling, cleaning and buffing are 
discussed completely on page 888 of the 
1948 Metals Handbook. 

Fused metallic enamels are used on 
copper, gilding metal, commercial 
bronze and red brass. For transparent 
enamels, alloys with no more than 
about 7° Zn should be specified; other- 
wise cloudiness results. 

Surface finish on cold drawn parts 
depends largely on grain size before 
forming. A grain size over 0.050 mm 
causes “orange peel” wherever defor- 
mation is severe. Strip thickness under 
0.050 in. generally is specified in grain 
size less than 0.040 mm. Annealing of 
formed parts in secondary operations 
to keep grain size small will reduce 
buffing and polishing costs. 

Color match in welds may _ be 
achieved by proper selection of com- 
mercial welding rod or by using strips 
of the original metal. Copper requires 
deoxidized rods, and brasses require the 
original base metal except for high- 
zinc brasses for which low-fuming rods 
may suffice. Silver solder is advan- 
tageous if joints are concealed or im- 
possible to weld. All varieties of fluxes 
should be removed from the surface 
after joining. 

Copper alloys will tarnish, although 
aluminum bronze, cupro-nickel and 
nickel silver are slower to show this 
effect. Preservation of original color 


Table Ill. Tensile Strength of Wrought 
Copper Alloys in Various Forms 


Alloy Tensile Strength, psi 
Strip and Wire for Springs” 
Beryllium copper 185,000 to 215,000 
Phosphor bronze D 115,000 to 129,000 
Phosphor bronze C .... 105,000 to 119,000 
Nickel silver B ........ 108,000 to 120,000 
Silicon bronze A ...... 105,000 to 113,000 
Phosphor bronze A .. 91,000 to 105,000 
Cartridge brass (70-30). 91,000 to 100,000 

Plate for Pressure Vessels and Similar 
Containers 
Aluminum bronze 
(91 Cu-7 Al-2 Fe) 
Silicon bronze A 


70,000 to 85,000'™ 
50,000 to 67,000°° 


Cupro-nickel 30% ..... 50,000 min’ 
Naval brass ....... 50,000 min‘” 
30,000 to 38,000'" 


Rod and Bar Alloys'*’ 
Beryllium copper 


(heat treated) ....... 175,000 to 215,000 
Manganese bronze B 

Phosphor bronze D 70,000 to 160,000 


Phosphor bronze C .... 60,000 to 150,000 
Phosphor bronze A ... 55.000 to 128.000 
Aluminum bronze 


(B150, Type II) ...... 85,000 to 100,000 
Silicon bronze A 

SIRES) 85,000 min 
Silicon bronze B 

(bolt temper) ....... 75,000 to 85,000 
Aluminum bronze 

(B150, Type I) ...... 70,000 to 80,000'™ 
Chromium copper 

(heat treated) ....... 70,000 to 80.000 
Manganese bronze A 68.000 to 80,000 


Naval brass ........... 54,000 to 67,000 
Phosphor bronze, 

grade B (leaded) .... 
Free-cutting brass 

45,000 to 57,000 

(a) ASTM values for strip, in spring 
temper, except for beryllium copper which 
is cold worked and precipitation hardened 
Fatigue limits vary with surface and tem- 
per condition and corrosion; for the indi- 
cated temper they are approximately as 
follows: Beryllium copper 36,000 psi, phos- 
phor bronze C 27,000, nickel silver B 22,500, 
silicon bronze A 23,000, and phosphor bronze 
A 22,000. (b) ASTM B169 hard temper 
(c) ASTM B96 annealed. (d) ASTM BIii7l 
condenser plate under 2 in. thick. (e) ASTM 
B171 condenser plate under 3 in. thick. (f) 
ASTM B152 hot rolled temper. (g) Except 
where noted, all values are hard temper 
and show the range to be expected for var- 
ious sizes. Lowest values are large sizes, 
highest values small sizes, in a range from 
2-in. to '4-in. diam. (th) A popular com- 
position is 91Cu-7Al-2Si, sold under a 
variety of trade names 


50,000 to 60,000 


requires clear coatings such as organic 
lacquers or transparent enamels. Out- 
door exposure eventually gives a char- 
acteristic green patina on copper. Elec- 
trical contacts dictate silver plate if 
atmospheres are sulfur-bearing or if 
conditions are highly oxidizing. 

The cost of a finished piece depends 
on both the original metal quality and 
the subsequent finishing operations. 
Proper attention to correct grain size 
and original metal finish will help to 
reduce finishing costs. Careful han- 
dling of highly finished metal during 
finishing operations will avoid marring. 


Joining 


Joining methods are governed by the 
alloy, its form and ultimate use. Arc 
welding is a popular choice for joining 
sheet or plate assemblies such as pres- 
sure vessels, fuel and water tanks, con- 
densers, piping and heat exchangers 
for oil refining, chemical equipment 
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and heavy air conditioning units; sili- 
con bronze A, cupro-nickel, aluminum 
bronze (7% Al, 2% Fe), copper and 
naval brass are conventional choices. 
Silver brazing is most useful for leaded 
alloys and small assemblies where 
welding is not entirely feasible. 

Electrolytic tough pitch copper is 
difficult to weld without porosity, be- 
cause it contains oxygen, hence de- 
oxidized copper is preferred. However, 
electrolytic copper may be welded by 
gas-shielded tungsten-are or carbon- 
arc methods, using rods of phosphor 
bronze A or one of the deoxidized cop- 
pers. Such welds may contain some 
fine porosity with some oxide segrega- 
tion in the heat-affected zone, which 
may not be detrimental to the ultimate 
use. Where strict code requirements 
must be met, welding should be re- 
stricted to phosphor-deoxidized copper. 

Oxygen-free copper or deoxidized 
copper is necessary for any operation 
involving reducing gases, especially hy- 
drogen, over 700 F because of the inci- 
dent reduction of copper oxide causing 
embrittlement. This applies to atmos- 
phere furnace brazing, welding, torch 
brazing, annealing or other heating 
operations in reducing atmospheres. 

Common joining methods for various 
alloys are as follows: 

Resistance Welding. Conductivity 
under 30° is preferred, the lower the 
better Cupro-nickel 30%, silicon 
bronze A, nickel silver, phosphor bronze 
and manganese brass are recommended, 
in descending order. Copper is very 
difficult to resistance weld because of 
its high conductivity and very strong 
tendency to stick to electrodes. Ordi- 
nary straight brasses are not usually 
resistance welded because of excessive 
electrode pickup. All copper and cop- 
per alloys require more machine ca- 
pacity than do ferrous metals, particu- 
larly with metal conductivity above 10%. 

Submerged-Are Welding is most com- 
monly used on silicon bronze A and 
30°) cupro-nickel, for which commer- 
cial fluxes are available 

Gas-Shielded Tungsten-Are Welding 
is adaptable to all copper alloys except 
cupro-nickels, the latter requiring spe- 
cial wire to avoid porosity. The tech- 
nique is best suited to thicknesses un- 
der ', in., and is especially good for 
copper, silicon bronze, and brasses if 
low-fuming rod is used 

Gas-Shielded Metal-Are Welding is 
suited to the same alloys as the tung- 
sten-arec method and is preferred on 
thicknesses over '; in. It is recom- 
mended for copper, silicon bronze and 
aluminum bronze (7°) Al, 2% Fe). 

Metal-Are Welding is generally used 
only for cupro-nickels, although elec- 
trodes are available for copper, silicon 
bronze and phosphor bronze 

Carbon-Are Welding is usually 
Suitable than other methods. As pre- 
viously noted, the carbon arc may be 
suitable on electrolytic tough pitch cop- 
per in lower-quality applications. 

Acetylene Torch Welding. Brasses are 
torch welded with low fuming rods if 
other methods are not available or are 
impractical. 

Brazing. All alloys can be silver 
brazed. Copper-phosphorus and copper- 
silver-phosphorus alloys are self-flux- 
ing on copper, but are not advisable 
for cupro-nickel. For aluminum bronze, 
special fluxes are available to facilitate 
brazing. ‘ASTM B260 lists brazing 
alloys and applications.) 

Soft Soldering is suited to all copper 


less 


Table IV. Comparative Machinability 
of Principal Wrought Copper Alloys 


Alloy'® Rating 


Free-cutting brass rod 
Free-cutting copper rod‘ 
High-leaded brass 
Architectural bronze 
Free-cutting phosphor bronze (444) 
Leaded copper 
Forging brass 
Tellurium-nickel copper 
Leaded commercial bronze 
Medium-leaded brass 
Leaded naval brass 
Aluminum-silicon bronze 
Low-leaded brass 
Copper 
Plain brasses 
Phosphor bronzes 
Naval brass 
Silicon bronze | 
(a) For nominal compositions, see Table 
I. (b) Containing tellurium or selenium 


alloys, although special fluxes are re- 
quired for aluminum bronzes. 

Furnace Brazing. Atmosphere fur- 
naces with reducing gas are widely 
used on copper with self-fluxing braz- 
ing alloy or with cupro-nickel 30°), 
using copper as the brazing filler metal 
All other alloys can be furnace brazed 
with alloys of lower melting point, but 
require fluxes. 

Other Considerations. Welding rods 
usually are the same composition as 
the metal to be welded, with some ex- 
ceptions for copper, brasses, aluminum 
bronze and cupro-nickel. (ASTM B259 
and B225, or AWS A5.7 and A56 give 
rod recommendations and details of 
applicability of welding methods.) 

In electrical conductivity applications, 
the base metal is usually copper, and 
is joined by welding or silver brazing. 
The latter has little effect on conduc- 
tivity with properly fitted joints of ap- 
proximately 0.003-in. clearance. 

If mechanical strength of the welded 
joint is important, aluminum bronze 
‘(7% Al, 2% Fe) is best and silicon 
bronze A is next best for pressure ves- 
sels and other stressed containers 

If cold forming is to be done, alumi- 
num bronze (less than 8% Al), silicon 
bronze A, cupro-nickel or copper are 
favored. These alloys, as well as naval 
brass, manganese bronze or Muntz 
metal, may be hot formed. 

When corrosion is a secondary fac- 
tor, little difference in weld corrosion 
rate will be found if rods are of the 
same composition as the base metal. 
Various deoxidized copper rods are not 
significantly different in weld corrosion 
rates. Welds made with rods of low- 
fuming brass, naval brass, and Muntz 
metal which result in two-phase alloys 
may be subject to dezincification. 
Similar loss of aluminum may result 
if rods contain more than 8% Al or if 
the aluminum and other alloy content 
results in a two-phase composition 

Designs which result in high stresses 
after welding may require stress relief 
to avoid stress-corrosion or season 
cracking under certain conditions. 
Stress relieving is particularly impor- 
tant with silicon bronze A. 


Corrosion Resistance 


Pages 231 and 895 of the 1948 Metals 
Handbook give detailed discussion and 
definitions of types of corrosion. A few 
basic corrosion phenomena and sug- 
gested remedies are as follows: 


Dezincification of brasses is avoided 
by specifying alloys with a minimum 
of 85° Cu or by using inhibited alloys 
such as inhibited admiralty or inhibited 
aluminum brass if copper content is 
less than 85% Two-phase aluminum 
bronzes are susceptible to loss of alu- 
minum. 

Season Cracking or stress-corrosion 
cracking is rare in brasses if copper 
content is higher than 85°). If copper 
content is less than 85 stress reliev- 
ing is dictated. Leaded alloys are more 
susceptible than nonleaded Silicon 
bronze A is susceptible but grade B 
ordinarily is not. Cupro-nickels, phos- 
phor bronzes, aluminum bronzes (under 
8 Al) and copper are not generally 
susceptible All alloys may crack in 
contact with liquid metals such as 
mercury or molten solders if non- 
uniformly stressed. 

Oxidizing Acids or 
usually are strongly corrosive. Natural 
waters will not ordinarily corrode 
copper-base alloys. Silicon bronze A, 
aluminum bronze or copper is fre- 
quently specified for tanks and other 
liquid containers 

Atmospheric Corrosion produces a 
green patina with time, frequently de- 
sired for roofing and other architec- 
tural effects, but atmospheric corrosion 
is rarely a serious problem and virtu- 
ally any copper may be used 

Electrolytic Action must be consid- 
ered if contacting solutions are con- 
ducting. No serious electrolytic effects 
have been observed between copper 
and nickel alloys. Aluminum and iron 
have high electrolytic potential when 
coupled with copper alloys, and un- 
favorable surface ratios should be 
avoided. An example of an unfavor- 
able surface ratio would be a steel or 
aluminum rivet in a copper sheet, but 
not the reverse 

Impingement Attack on condenser or 
heat exchanger tubes may be found in 
some power plant or marine installa- 
tions. It is ascribed to the high velocity 
of the coolant, or to lower velocity and 
entrained air bubbles from pumps, 
leaks or incorrect water box design 
Salt water velocities are more critical 
than fresh water; for example, about 
2 ft per sec for copper in salt water 
and 6 ft per sec in fresh water may 
bring on the attack. Condensers using 
salt water with high velocity should 
specify cupro-nickel cupro-nickel 
10%, inhibited aluminum brass and 
inhibited admiralty metal, in descend- 
ing order of performance. For fresh 
water installations, inhibited admiralty 
metal is generally satisfactory 

Cost Reminders. In descend- 
ing order of alloy cost is: beryllium 
copper, phosphor bronze, cupro-nickel, 
silicon bronze, tin brasses, brass and 
copper. Cost of material should be 
figured on an individual basis, because 
of density variations in alloys and dif- 
ferences in extras for size, gage and 
other factors among alloy The rela- 
tively high value of scrap is a factor in 
low cost of fabricated parts 


CASTINGS 


Copper alloy castings are 
when it is impractical 
more costly to obtain 
and properties by any other mean: 
Irregular and often complex external 
and internal contours are best made 
by casting A few smaller irregular 
shapes, such as locks, elbows and tees, 


oxidizing salts 


specified 
impossible or 
desired shapes 
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are now being made as cored forgings, 
but are expensive 

Compositions of casting alloys (Ta- 
bles V and VI) differ from comparable 
wrought alloys in that they contain 
larger amounts of minor alloying metals 
and have a greater tolerance for im- 
purities, which are not harmful within 
the limits of the standard specifica- 
tions, such as ASTM, SAE and those of 
various Government departments 

The choice of an alloy for any cast- 
ing usually depends on four factors: 
metal cost, castability, properties and 
final cost. 

Metal Cost is a minor consideration if 
only a few castings are to be made. 
However, when a large amount of 
metal is required or the casting is a 
repetitive or highly competitive item, 
or when the metal cost is a major por- 
tion of the final cost of the castings, 
this factor becomes of prime impor- 
tance. Relative cost of the various 
alloys, based on the price of 85-5-5-5 
alloy taken as 100 (25¢ per lb as of Feb 
1, 1954), is shown in Table V. 

Although prices change from time to 
time, the relative prices remain nearly 
constant, with occasional minor changes 
in positions. In any event, final cost 
should be considered because the initial 
advantage of a lower metal cost may be 
entirely eliminated by an _ increased 
operating cost, resulting from some in- 
herent property of the alloy. One such 
property, somewhat abstract but very 
real to the foundryman, is castability. 


Castability 


Castability should not be confused 
with “fluidity”, which is the ability of 
a molten alloy to fill a mold cavity 
completely in every detail. Castability, 
on the other hand, is the ease with 
which an alloy responds to ordinary 
foundry practice, without undue atten- 
tion to gating, risering, melting, sand 
conditions and any of the other factors 
involved in making good castings. 
Fluidity improves many of these aspects 
of castability. 

Foundry alloys are generally classed 
as “high shrinkage” or “low shrinkage”. 
To the former class belong the man- 
ganese and aluminum bronzes, silicon 
bronzes and brasses, and some nickel 
silvers. They are more fluid than the 
red brasses, more easily poured and 


give high-grade castings in sand, per- 
manent molds, plaster, die castings and 
However, careful 


centrifugal castings. 
Table V. 


Alloy Class 


Cu 
Leaded red brass ...... 85 
Leaded semi-red brass ... 81 
Leaded semi-red brass .. ; 76 
Yellow brass .......... 63 
Yellow brass with Al . 63 
Leaded yellow brass ... 67 
Manganese bronze 58 


Manganese bronze 62 
Nickel silver 64 
Nickel silver 66 
Tin bronze 


88 
Tin bronze ..... 88 
Tin bronze ..... 
Silicon brass ...... 81 
Silicon bronze .. 95 
Aluminum bronze .. 89 
Aluminum bronze ..... 81 
High-lead tin bronze .. 80 
High-lead tin bronze mp 


(a) 
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design is necessary, to promote direc- 
tional solidification, reduce abrupt 
changes in cross section, liberalize 
fillets and permit the best placement 
of gates and risers, and thus avoid 
internal shrinks and draws. Turbulent 
pouring must be avoided to prevent 
formation of dross. More liberal use 
of risers or exothermic compounds in- 
sures adequate metal to feed all sec- 
tions. Table V includes a comparative 
rating of both castability and fluidity 
of various standard alloys, cast in sand; 
number 1 represents the highest cast- 
ability or fluidity rating. 

All copper alloys can be successfully 
cast in sand. Sand casting is the most 
economical method of making castings 
and has the greatest flexibility for size 
and shape. 

Permanent mold casting is best suited 
for the tin, silicon, aluminum and 
manganese bronzes and yellow brasses. 
Die casting is best for yellow brasses, 
but increasing amounts of permanent 
mold alloys are also being die cast. 
Size is a definite limitation to both 
methods. 

Virtually all copper alloys can be 
cast successfully by the centrifugal 
process, once the fundamentals have 
been mastered. Size offers no insuper- 
able problem; castings are being made 
from a few ounces to over 50,000 lb, the 
latter being perforated cylinders for 
the wood-pulp and paper industry. 

Plaster molds are best adapted to 
aluminum bronzes, yellow brasses, man- 
ganese bronzes, low-nickel bronzes, and 
silicon brasses and bronzes. In most 
of these alloys, lead should be held to 
a minimum, because it reacts with the 
calcium sulfate of the plaster to dis- 
color the surface and increases clean- 
ing and machining costs. Size is a 
limitation. 

For more complete information on 
these casting methods, see pages 846 to 
856 in the 1948 Metals Handbook and 
the AFS publication, “Copper-Base 
Alloy Foundry Practices”. 


Machinability 


Machining follows the same general 
pattern as for wrought alloys. The cast 
alloys fall in three general groups: the 
first consists of copper, cupro-nickel, 
aluminum bronzes of low aluminum 
content and any other alloys which 
have but one soft phase in their struc- 
ture. These are all “draggy” or “gum- 
my” alloys. 


Alloys of the second group contain 
two or more phases. Generally, the 
secondary phases are harder or more 
brittle than the matrix and result in 
a short chip. The silicon brasses and 
bronzes, higher-aluminum bronzes and 
higher-tin alloys belong to this group. 
Metallographic appearance of the man- 
ganese bronzes would seem to place 
them here, but they produce a long 
spiral chip, smooth on both sides, 
which does not break. High-aluminum 
bronzes, on the other hand, produce a 
long spiral chip, which is rough on the 
underside and breaks, thus acting like 
a short chip. 

The third group includes any alloy 
to which lead has been added, either as 
an alloying element or to increase ma- 
chinability. Their machinability, as 
shown in Table VII, is comparable to 
free-cutting brass (3% Pb, 35% Zn) 
as a base of 100. 


General-Purpose Alloys 


General-purpose alloys may be di- 
vided into two classes as to color—red 
and yellow. Nominal compositions, gen- 
eral properties and joining character- 
istics of these alloys are shown in Ta- 
bles VI, VII and VIII. 

The leaded red and semi-leaded red 
bronzes respond readily to ordinary 
foundry practice, and are rated high- 
est in castability. Alloy 4A is the best 
known of this group and is generally 
identified as 85-5-5-5 or ounce metal. 
Together with its modification alloy 
4B (83-4-6-7), it constitutes the largest 
tonnage of copper-base foundry alloys. 
They are used where moderate cor- 
rosion resistance, good machinability, 
moderate strength and ductility, and 
good castability are required. Alloy 4B 
has lower mechanical properties but 
increased machinability and lower ini- 
tial metal cost. 

Both alloys are used for plumbing 
goods, cocks and faucets, flanges, feed 
pumps, meter casings and parts, gen- 
eral household and machinery hard- 
ware and fixtures, paper machinery, 
hydraulic and steam valves, valve disks 
and seats, impellers, injectors, memo- 
rial markers, plaques, statuary and 
similar lines. 

Alloys 5A and 5B are higher in lead 
and zinc, at the expense of copper and 
tin. They are lower in price, tensile 
strength and hardness. Their widest 
application is in the plumbing goods 
industry. 

The yellow brasses (6A and 6B) are 


Compositions and Relative Foundry Rating of Sand Casting Alloys 


Nominal Composition, “ 


Sn Pb Zn Fe Ni Mn Al 
5 5 5 
3 7 9 
3 6 15 
1 1 35 
1 1 35 0.25" 
1 3 29 0.25" 
Rem 10 05 10 
Rem 25 3.5 5.5 
4 4 8 20 
5 15 2 25 
8 4 
6 2 4 
195 6 
15 
1 ; 
1 PF 10 
os 45 45 10 
10 10 wa 
5 25 Ke as 
iss = 100. (b) Relative 


Other 


05P 
40Si 
4.0Si 


rating 1 is highest or best possible rating. 


Relative Rating, Sand Casting 
Cost'*’ Castability’’ Fluidity’ 


ONNN 


(c) Maximum 
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Still lower in price and mechanical 
properties. Their main application is 
in die castings for plumbing goods and 
accessories, low-pressure valves, air 
and gas fittings, general hardware and 
ornamental castings. In general, they 
are best suited for small parts: on 
larger castings, wall thickness is kept 
to a minimum and phosphorus is added 
to increase the metal fluidity if pres- 
sure tightness is required. Aluminum 
(0.15 to 0.257) is also added to yellow 
brasses to increase fluidity and to give 
a smoother surface, but aluminum addi- 
tions should never be used for pressure- 
tight castings or in conjunction with 
phosphorus. 

All the red and yellow alloys in this 
classification, when properly made and 
cleaned, can be plated with nickel or 
chromium. None of these alloys should 
be used above 300 to 350F. When 
higher properties, increased leak tight- 
ness or higher operational temperatures 
are required, the higher tin bronzes are 
used. Nominal compositions and gen- 
eral properties are shown in Tables VI, 
VII and VIII 

Alloys without lead (A and 1B) 
machine rather poorly. These are 
known as the “guh metals”, or “Navy 
G” and “Modified Navy G”", respec- 
tively. Alloys containing 10 to 12% Sn, 


Table VI. 


ASTM 
Alloy’ Cu Sn 


Alloy'™’ 


seaded red brass 
saded red brass 
‘aded semi-red brass 
-aded semi-red brass 


waded yellow brass 
zeaded yellow brass 


Tin bronze 
Tin bronze 
Leaded tin bronze 
Leaded tin bronze 


Leaded high-strength vellow brass 
High-strength yellow 
High-strength manganese bronze 
High-strength manganese bronze 


brass 


Aluminum bronze 
Aluminum bronze 
Aluminum bronze 
Aluminum bronze 
Aluminum bronze 
Aluminum bronze 
Aluminum bronze, heat treated 


as cast 
heat treated 


heat treated 


80-10-10 
83-7-7-3 
85-5-9-1 
78-7-15 


70-5-25 


High-leaded tin bronze 
High-leaded tin bronze 
High-leaded tin bronze 
High-leaded tin bronze 
High-leaded tin bronze 


weaded nickel brass 
Leaded nickel bronze 
Nickel leaded bronze 


Silicon bronze 
Silicon brass 
Silicon brass 


Silicon-aluminum bronze 
Silicon-aluminum bronze 
jJervilium bronze 


(a) Properties given in Tables VII and VIII 
nations used for these alloys are given as item A2 in the data com- 
pilations, pages 935 to 942, 1948 Metals Handbook 
ment specification numbers, see item A4 in each of the compila- 


1 to 2% Ni and 0.1 to 03% P are 
known as gear bronzes. Up to 1.5% Pb 
is frequently added to increase ma- 
chinability. The addition of lead to 
alloy 1B likewise increases machinabil- 
ity, and a concurrent decrease in tin 
maintains elongation. Such alloys are 
known as steam or valve bronze, Navy 
“M” (2A) or commercial “G" bronze 
‘alloy 2B). 

All alloys of this group are suitable 
where resistance to corrosion, leak 
tightness or greater strength is re- 
quired at higher operating tempera- 
tures than can be tolerated with leaded 
red or semi-red brasses. The limiting 
temperature for long-time operation of 
Navy “M” is 550 F; for 1A, 1B and 2B 
it is 500 F. This is because of embrit- 
tlement produced in the higher-tin 
alloys, as a result of precipitation of a 
high-tin phase. This reaction does not 
occur in alloys of this type with lower 
tin content. (J. W. Bolton, Proc ASTM, 
1935) 

Nickel is frequently added to increase 
density and leak tightness. Alloys con- 
taining more than 3% Ni are heat 
treatable, but must contain less than 
0.01% Pb to develop optimum proper- 
ties. Nickel is added to replace part of 
the tin, as in the alloy 88 Cu-5 Sn- 
2 Zn - 5 Ni. 


Mechanical Properties 


Most alloys containing tin, lead or 
zinc have only moderate tensile and 
yield strengths, low to medium hard- 
ness and high elongation. When higher 
tensile or yield strength is required, the 
aluminum and manganese bronzes, 
silicon brasses and bronzes and some 
nickel silvers are used. Most of these 
alloys have the added properties of 
corrosion and wear resistance 

Both the aluminum and manganese 
bronzes range from 65,000 to 130,000 psi 
tensile strength, depending on compo- 
sition: maximum tensile strength for 
aluminum bronzes is attained only 
after heat treatment. Both alloys may 
contain two phases, one relatively soft 
and the other hard. Since these phases 
differ in mechanical properties, alloys 
containing a mixture of them will vary 
in properties. Manganese bronzes 
which have a two-phase structure and 
are cooled slowly will generally have 
decreased tensile strength, yield 
strength and hardness, with increased 
elongation 

While both manganese and aluminum 
bronzes are often used for the same 
applications, the manganese bronzes 
are handled more easily in the foundry 
Both these alloys belong to the so- 


Compositions of Copper Casting Alloys'”’ 


Nominal Composition." 


ASTM Specification B145 

5 5 5 

7 

K 

3 15 

ASTM Specification B146 

1 3 25 

1 3 29 

ASTM Specification B143 

10 2 

8 4 

6 2 4 

8 1 4 

ASTM Specification B147 
0.75 0.75 


ASTM Specification B 148 


9B-HT 
as cast 9C 
as cast 9D 
9D-HT 


ASTM Specification B144 
10 10 
7 7 
9 
15 
25 
ASTM Specification B149 
4 20 
8 
15 2 
ASTM Specification B 19% 
0 5 he 5 he 
12-16 
12-16 
Alloys Without ASTM Specifications 
91 
965 
(b) Other desig- tions, pages 
given in current 1 
Several composition 
ments tho 


(c) For Govern- 


Pb Zn Fe 


935 to 942, 1948 Handbook 


ue of each 


Maximurn (i) 


Ni Other 


035 


35) 
11 22to 28 Be 
id) Composition ranges are 
Optional (f) 
require- 


specification ie) 
available will meet the mechanical 


Total 
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I 4B 83 
I 5A 81 
1B 88 
2A 88 
2B 87 ; 
7A 61 5 1 0.75 0.25 
BA 58 40 1.25 1.25 0.25 
8B 
ac 
9A 88 3 9 
9B 89 1 10 
89 1 10 
85 4 
85 1 1 
81 4 4 i 
81 4 il 
3A 0.75" 
3B 050°" 
or 050" 
3D 0.75" 
3E 0.75" 
10A 12 
20 
11B 25 
12A yim 15 1 to5Si 
13B % to5Si 


called “high-shrinkage” type, but the 
manganese bronzes have a wider solidi- 
fication temperature range and hence 
cause fewer problems in gating and 
risering. Tensile Strengths of 115,000 
psi and 15 to 20% elongation can be 
obtained readily in sand castings, and 
considerably higher in centrifugal cast- 
ings, aS cast. Stresses may be relieved 
at 350 to 400 F. Lead may be added to 
the lower-strength manganese bronzes 
to increase machinability, but at the 
expense of decreased tensile strength 
and elongation. More than 0.1% Pb 
should never be present in high- 
strength manganese bronzes. Although 
manganese bronzes range from 125 to 
250 Brinell, they are readily machined 
with proper tools. 

Tin is added to the low-strength 
manganese bronzes to inhibit dezincifi- 
cation, but should be limited to 0.1% 
in high-strength manganese bronze, 
unless a great sacrifice in both strength 
and ductility can be accepted. Simi- 
larly, those manganese bronzes with a 
predominance of the beta phase are 
penetrated by molten metal, as in the 
babbitting of bushings. 

Manganese bronzes are specified for 
marine propellers and fittings, pinions, 


ball bearing races, worm wheels, gear 
shifter forks and architectural work— 
also, when high strength and hardness 
are required, in rolling mill screwdown 
nuts and slippers, bridge trunnions, 
gears and bearings. 

Cast aluminum bronzes contain 9 to 
14% Al and minor amounts of iron, 
manganese or nickel. They have a very 
narrow solidification range and, be- 
cause of the greater need for adequate 
gating and risering, are more difficult 
to cast. A wide range of properties is 
obtainable, especially after heat treat- 
ment, but close control of composition 
is necessary. Like the manganese 
bronzes, they can develop tensile 
strength well over 100,000 psi, but with 
less ductility. 

Most aluminum bronzes contain from 
0.75 to 4% Fe to refine grain and in- 
crease strength. Alloys containing 
from 8 to 95% Al cannot be heat 
treated. They have higher tensile 
strength and greater ductility and 
toughness than any of the ordinary tin 
bronzes. Some of their uses are as 
valve nuts, cam bearings, impellers, 
hangers in pickling baths, agitators, 
crane gears and connecting rods. 

The heat treatable alloys contain 


Table VII. Typical Properties of Copper Casting Alloys 


(See compositions in Table VI) 


from 9.5 to 11.5% Al, in addition to 
iron, with or without nickel or man- 
ganese. The structure of these alloys 
and their response to quenching and 
tempering resemble heat treated steels; 
castings are quenched in water or oil 
from 1600 to 1650F and tempered at 
800 to 1200 F, depending on the prop- 
erties required. 

The range of properties is shown in 
Table VII; all the maximum properties 
cannot be obtained in any one alloy. 
In general, tensile strength, yield 
strength and hardness vary inversely 
with elongation. The lower the tem- 
pering temperature, within the range 
specified, the higher will be the tensile 
strength and the lower the elongation. 
Some uses for these higher hardness 
alloys are in rolling mills, screwdown 
nuts and slippers, worm gears, bush- 
ings, slides, impellers, nonsparking 
tools, valves and dies. 

Aluminum bronzes are corrosion re- 
sistant to many substances, including 
pickling solutions. However, aluminum 
may be lost preferentially, a type of 
corrosion similar to dezincification in 
the copper-zinc alloys. 

Aluminum bronzes also have a high 
fatigue limit, considerably in excess of 


05% Com- Electrical 
Tensile pressive Conduc- Approx Machin- 
Yield Yield Tensile Elon- Brinell Shrink- tivity, Melting ability, 
Strength, Strength, Strength, gation, Hardness age, in of Point, relative 
Alloy 1000 psi 1000 1000 psi % Number‘» per ft stdCu degFahr_ rating‘’” 


Leaded red brass 
Leaded red brass 16 


Leaded semi-red brass ............. 13.5 
Leaded semi-red brass ............. 13 
Leaded yellow brass ............... 12.5 
Leaded yellow brass 11.5 
Leaded tin bronze ine 17 
Leaded high-strength yellow brass 23 
High-strength yellow brass ........ 25 
High-strength manganese bronze 57 
High-strength manganese bronze .. 70 
Aluminum bronze ean 26.5 


Aluminum bronze, as cast 
Aluminum bronze, heat treated .. 
Aluminum bronze, as cast ...... 
Aluminum bronze, heat treated . 
Aluminum bronze, as cast ...... 
Aluminum bronze, heat treated 


25 to 33 
37 to 55 
25 to 37 
35 to 50 
40 to 60 
55 to 85 


High-leaded tin bronze 80-10-10 .... 18 
High-leaded tin bronze 83-7-7-3 .... 18 
High-leaded tin bronze 85-5-9-1 ; 16 
High-leaded tin bronze 78-7-15 - 14 
High-leaded tin bronze 70-5-25 ... 11 


Leaded nickel brass ................ 18 
Leaded nickel bronze sivaeneonen 22 
Nickel leaded bronze .............. 35 
18 to 28 
21 to 33 
29 to 35 
Silicon-aluminum bronze .......... 29 


Silicon-aluminum bronze 
Beryllium bronze 


10-mm ball 
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38 to 41 
85 to 100 
(a) Stress for permanent set of 0.001 in. per in (b) 


ASTM Specification B145 


11.0 36.5 32 62 fs 15.0 1810 90 
11.0 35.0 26 60 th aii 1800 90 
scene 31.5 27 56 ts 18.0 1750 90 
9.0 33.0 25 53 i's anes 1725 90 
ASTM Specification B 146 
9.0 36.0 40 47 Ps 19.22 1700 80 
9.0 35.0 46 50 v2 22.25 1700 80 
ASTM Specification B143 
14.0 46.0 40 76 ts 10 1800 50 
wise 47.0 45 72 ts 14 1800 50 
12.0 to 15.0 43.0 52 66 2 14 1800 60 
9.0 to 11.0 45.0 38 70 #3 14 1800 60 
ASTM Specification B147 
22.0 65.0 35 110°" % 22 1675 60 
24.0 720 25 130°" 22 1675 30 
50.0 98.0 20 188'® ts 7to8 1700 30 
60.0 115.0 16 225‘ fs 80 1700 20 
ASTM Specification B 148 
18.0 75.0 30 120'* Ah 13 1900 20 
68to 770 15to25 120 to AA 14 1900 35 
asee 82to 900 2 to 30 150 to ove 1900 
22.0 65to 900 10 to 28 125 to 12 1900 20 
28to500 980 4to25 150 to 1900 
100 to 110 5 to 18 175 to 230'* 9 1900 20 
110 to 128 3to12 210 to 270'* ‘ca 1900 
ASTM Specification B144 
15.0 41.0 28 69 fa 10 1760 80 
140 39.0 34 70 5 12 1750 70 
13.0 340 25 63 1750 70 
14.0 32.0 24 57 ts 11 1700 80 
13.0 210 15 50 t's a ay 1650 90 
ASTM Specification B149 
80 35.0 24 65 fs 6 1800 70 
47.0 22 80 , 5 
‘a 60.0 15 135 4 
ASTM Specification B198 
50 to 60.0 16 to 25 60 to 100 
50 to 70.0 20 to 50 70 to 130 
60 to 75.0 17 to 50 65 to 125 
Alloys Without ASTM Specifications 
70.0 20 135 ts 7. 1800 50 
7I5to 840 5tol4 165 to 190 i's 6 1800 50 
90 to 125 Oto 4 325 to 425 4 18 to 25 1930 20 to 40 


500-kg load, 10-mm ball. (c) 


Free cutting brass = 100. (g) 


3000-kg load, 


— 
f | / 


manganese bronze or any other cast 
copper alloy. Unlike the Cu-Zn or Cu- 
Sn-Pb-Zn alloys, the mechanical prop- 
erties of aluminum and manganese 
bronzes do not decrease much with in- 
crease in cross section of the castings 
This is because of a narrow freezing 
range, which results in a denser struc- 
ture when castings are properly de- 
signed and properly fed. 

While manganese bronzes become hot 
short above 450F, aluminum bronzes 
can be used as high as 750F for a 
short time without much loss of 
strength. For example, room-tempera- 
ture tensile strength of 78,000 psi de- 
clines to 76,700 at 500 F: 67,000 at 750 F, 
and 58,000 at 1000 F; and elongations 
change from 28 to 32, 35 and 25%, 
respectively. 

Unlike manganese bronzes, many 
aluminum bronzes increase in yield 
strength and hardness on slow cooling 
but tensile strength and elongation de- 
crease simultaneously. While some 
manganese bronzes precipitate a rela- 
tively soft phase during slow cooling, 
aluminum bronzes precipitate a hard 
constituent rather rapidly within a 
narrow temperature range, 1050 to 900 
F. Hence, large castings or those 
cooled slowly will have properties dif- 
ferent from those cooled at a faster 
rate. The same phenomenon occurs 
on aging the heat treated aluminum 
bronzes. Cooling slowly through the 
critical temperature range after quench- 
ing, or aging at temperatures within 
this range, will decrease elongation. 
The addition of 2 to 5‘ Ni to alumi- 
num bronzes will greatly mitigate this 
effect of cooling rate 

The variation in properties in these 
two alloys caused by section size ‘slow 
cooling) is not a result of the same 
factor as in the tin bronzes or the 
leaded red brasses. In the latter alloys, 
the decrease in properties in large sec- 
tions is caused by the wide solidification 
range which, when any dissolved gases 
are present, increases the difficulty in 
adequately feeding these sections. Con- 
sequently, these alloys show far greater 
decrease in properties, as section size 
is increased, than do the manganese or 
aluminum bronzes. Data on the de- 
crease in properties of tin bronzes and 
leaded red brasses, with an increase in 
cross section, are often conflicting and 
misleading 

Nickel brasses, silicon brasses and 
bronzes, while generally higher in 
strength than red metal alloys, are 
used more for their corrosion resistance 
and are discussed under that heading. 


Bearing and Wear Properties 


Copper alloys have long been used 
for bearings because of their combi- 
nation of moderate-to-high strengths, 
corrosion resistance, wear resistance or 
self-lubrication. The choice of an alloy 
depends on corrosion, fatigue, rigidity 
of backing material, lubrication, thick- 
ness of bearing material, load, speed of 
rotation, atmospheric conditions and 
other factors. They may be used as 
cast plain bearings, cast on steel backs, 
cast on rolled strip, as sintered powder 
shapes or they may be sintered on a 
backing material. 

Bearing and wear-resistant alloys 
may be divided into three groups 
phosphor bronzes ‘(Cu-Sn); copper- 
tin-lead (low zinc); manganese, alumi- 
num and silicon bronzes ‘Table VI). 
Phosphor bronzes (Cu-Sn or Cu-Sn- 


Table VIII. Joining Characteristics of Copper Casting Alloys 
(See compositions in Table VI) 


Joining Characteristics'* 


Oxy- ‘arbon- Metal- 
acetylene Are Are 
Weld- Weld- Weld- Braze- Solder- 
Alloy ability ability ability ability ability 
ASTM Specification B145 
Leaded red brass 4 4 3 2 2 
Leaded red brass 4 4 3 2 = 
Leaded semi-red brass 4 3 2 
Leaded semi-red brass 4 q 3 2 2 
ASTM Specification B 146 
Leaded yellow brass 4 4 4 3 ‘ 
Leaded yellow brass q 4 4 3 2 
ASTM Specification B143 
Tin bronze .. - 3 3 2 2 
Tin bronze 3 3 3 2 2 
Leaded tin bronze 3 3 3 3 3 
Leaded tin bronze , 3 3 3 3 3 
ASTM Specification B147 
Leaded high-strength 
yellow brass 4 4 3 2 
High-strength yellow brass 2 2 2 4 2 
High-strength manganese bronze 2 2 2 4 2 
High-strength manganese bronze 2 2 2 4 3 
ASTM Specification B148 
Aluminum bronze ..... 2 2 2 4 4 
Aluminum bronze, as cast 2 2 2 4 4 
Aluminum bronze, as cast 2 2 2 4 4 
Aluminum bronze, as cast 2 2 2 4 4 
ASTM Specification B144 
High-leaded tin bronze 80-10-10. 4 4 4 3 1 
High-leaded tin bronze 83-7-7-3 4 4 q 3 1 
High-leaded tin bronze 85-5-9-1 4 4 4 3 1 
High-leaded tin bronze 78-7-15 4 4 4 3 1 
High-leaded tin bronze 70-5-25 NG NG NG 3 ! 
ASTM Specification B149 
Leaded nickel brass 4 4 4 3 2 
Alloys Without ASTM Specifications 
Silicon-aluminum bronze 2 3 3 3 4 
Silicon-aluminum bronze 2 3 3 ‘ = 
Beryllium bronze 4 3 3 3 NG 


(a) Relative ratings: 1 best; 2 — good 


Pb alloys deoxidized with phosphorus) 
have residual phosphorus ranging from 
a few hundredths of 1° ‘(for deoxida- 
tion and slight hardening) to a maxi- 
mum of 1% where it imparts great 
hardness. Nickel is often added to re- 
fine the grain and disperse the lead 
Copper-tin bearings have high resist- 
ance to wear, high hardness and mod- 
erately high strength The 11% Sn 
alloy is so widely used for all types of 
gears that it is called gear bronze. 

Bronzes of higher tin content (17 to 
20';) go into bridge turntables where 
loads are high and movement is slow 
A maximum load of 2500 psi is per- 
mitted for the 17°) Sn alloy and 3500 
psi for the 20% alloy. They contain 
high phosphorus to impart hardness 
and low zinc (0.25°) max), to prevent 
seizing; they are very brittle and are 
being replaced by manganese and alu- 
minum bronzes for this use. 

The Cu-Sn-Pb alloys are used where 
a softer metal is required at light to 
moderate speeds, and loads not in ex- 
cess of 800 psi. These include alloys 
3A, 3B and 3C of ASTM B144. Alloy 
3A, known as 80-10-10, is an excellent 
general bearing alloy, suitable under 
the above-mentioned conditions or 
when lubrication may be deficient. It 
finds wide application in machine tools, 
electrical and railroad equipment, in 
steel mill machinery and automotive 
vehicles. Alloys 3B and 3C are less 
costly and are used largely in main- 
tenance service. Alloys of composition 
similar to 3D and 3E are used where 
high loads are encountered under con- 
ditions of poor or no lubrication, or 


3 fair; 4 poor, NG no good 


under corrosive conditions, such as in 
mining equipment ‘(pumps and car 
bearings), or in dusty atmospheres, as 
in stone crushing and cement plant: 
The permissible load on these alloys 
varies directly with the tin content and 
inversely with the lead. They replace 
the copper-tin bronzes where condi- 
tions of operation are unsuitable for 
the latter 

High-strength manganese bronzes 
give high tensile strength, hardnes 
and resistance to shock. Large eat 
bridge turntables ‘slow motion and 
high compression), roller tracks for 
anti-aircraft guns, and recoil parts of 
heavy ordnance are typical 

Aluminum bronzes with 8 to 9% Al 
are used widely for bushings and bear- 
ings in light or high-speed work. As 
the aluminum is increased to 11°,, the 
alloys, both as-cast and heat treated 
are suitable for heavier service, such as 
valve guides, rolling-mill bearings 
screwdown nuts, slippers and in pre- 
cision machines. As aluminum content 
increases above 11, hardne in- 
creases and elongation decreases to low 
values. Such alloys are well suited for 
guides and aligning plates, where wear 
is excessive. Above 13°) Al, 300 Brinell 
is exceeded, but the alloys are brittle 
Such alloys are suitable for dies and in- 
stallations involving no impact 

Aluminum bronze in general has the 
advantage over manganese bronze of a 
considerably higher fatigue limit and 
freedom from galling Manganese 
bronze, on the other hand, has great 
toughness for equivalent tensile strength 
and requires no heat treatment. 
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Corrosion Resistance 


The use in plumbing goods and gen- 
eral industrial applications is in part 
attributable to the inherent corrosion 
resistance of copper itself. The addi- 
tion of tin, lead, silicon and aluminum 
enhances this property in many alloys, 
and improves mechanical properties. 

The high-tin bronzes resist a wide 
range of solutions, of which the follow- 
ing are representative: 

Acetic acid 

Acetic anhydride 

Acetone 

Aluminum chloride 

Ammonium chloride 

Bromides 

Chlorine water 

Copper sulfate 

Bromine and its acids 

Mine water 


Sea water 

Brine 

Sulfuric acid 
Sodium sulfite 
Sulfurous acid 
Sodium phosphate 
Sodium nitrate 
Sodium carbonate 
Citric acid 

Amy! acetate 


They are also used extensively for 
marine hardware and fittings, to com- 
bat corrosion by salt water or combined 
wear and corrosion. 

Aluminum bronzes are likewise re- 
sistant to many of the above conditions, 
are especially resistant to sulfuric acid, 
and have considerable utility in pick- 
ling equipment. Other uses are in 
processes handling alkaline solutions, 
petroleum sludges, wool washing ma- 
chinery, combinations of heat, moisture 
and industrial fumes. The alloy con- 
taining 4 to 5% Fe, 4 to 5% Ni and 10% 
Al is being used in increasing amounts 
for large marine propellers because of 
its high corrosion resistance. 

Aluminum bronze is used in aircraft 
construction and in anti-aircraft ord- 
nance, where corrosion resistance is 
coupled with bearing properties and 
mechanical strength. 

Low-strength manganese bronze is 
usually specified for marine propellers 
and marine hardware. Up to 1% Sn 
is generally added to inhibit or reduce 
dezincification in the beta phase of 
the alloy. For this reason, a con- 
siderable amount of the soft alpha 
phase should be present, which auto- 
matically excludes the use of most 


Table IX. Composition and Properties of Heat Treated Copper Alloy Castings 
of High Strength and Conductivity 


Tensile Yield Elon- Brinell Electrical 
Strength, Strength, gation, Hard- Conductivity, 
Composition, % psi psi % ness % IACS 
re 28,000 18,000 40 38 80 
0.80Cr,008Si ..... 50,000 32.000 16 100 80 
060Si,240Co ..... 65,000 50,000 15 120 65 
0.60Si,300Ni ..... 75,000 60,000 15 140 45 
2.60 Co, 0.40 Be 90,000 70,000 10 220 45 


high-strength manganese bronzes. 
Nickel brasses and bronzes are widely 
accepted by the food, dairy and allied 
industries, as well as in pharmaceutical, 
dental and hospital equipment. In- 
cluded are plumbing fixtures, impellers, 
stirrers, mixers, bearings, instruments 
and general accessories which must re- 
sist food acids or medicinal stains and 
be germicidally clean. 

Nickel imparts a white color to cop- 
per-zinc alloys at about 12%, and they 
become increasingly silvery as the con- 
tent increases 

Although Table VI includes only 
ASTM alloys, a number of others have 
high strength and good bearing prop- 
erties, in addition to corrosion resist- 
ance. Thus, silicon, iron and manga- 
nese are frequently added to some of 
the nickel silvers to improve mechanical 
properties. Silicon bronzes, silicon- 
aluminum bronzes and silicon brasses 
are being used as valve stems, valves 
for special corrosive conditions, naval 
hardware and in many chemical plants. 
They have good corrosion resistance in 
the absence of oxygen. 


Electrical and Thermal 
Conductivity 


Electrical and thermal conductivity 
of any casting will invariably be lower 
than for wrought metal of the same 
composition. Copper castings are used 
in the electrical industry for current- 
carrying capacity, and as water-cooled 
parts of melting and refining furnaces 
for high heat conductivity. However, 


Properties of Copper and Copper Alloys 


sound copper castings, with at least 
85% electrical or heat conductivity, are 
difficult to make. The ordinary de- 
oxidizers (silicon, tin, zinc, aluminum 
or phosphorus) cannot be used because 
small residual amounts lower the elec- 
trical and heat conductivities drasti- 
cally. Calcium boride or metallic lith- 
ium will help to produce sound castings 
with high conductivities. Such cast- 
ings are used in the steel industry as 
bosh plates, tuyeres, tuyere coolers, 
“monkey” coolers, mantle plates, hot 
blast valves, seats and gates, and jackets 
for charging doors. Similarly, water- 
cooled cast copper electrode holders 
are made for electric furnace use. 

Cast copper is soft and low in strength. 
Increased strength and hardness with 
good conductivity may be obtained with 
heat treated alloys containing silicon, 
cobalt, chromium, nickel and beryllium 
in various combinations. 

These alloys, however, are expensive 
and less readily available than the 
standardized alloys. Special precau- 
tions must be taken with some of them 
in melting, to avoid undue loss of the 
alloying elements and accompanying 
changes in the heat treating character- 
istics. Table IX shows some of the 
properties obtained on these alloys in 
the heat treated condition. 

In general, copper castings are diffi- 
cult to machine. When increased ma- 
chinability is required for copper cast- 
ings in blast furnace parts, 1% Sn is 
added. For this application, the accom- 
panying decrease in conductivity is not 
considered excessive. 
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99.92 Cu -0.04 O (Electrolytic Tough Pitch Cappers. ee Some Properties of Aluminum Bronzes......... . 928 
99.94 Cu-0.02 P (Deoxidized Copper) .............--- : .. 907 95 Cu-5 Al (5% Aluminum Bronze) ; 928 
92 Cu-8 Al (8% Aluminum Bronze)........ 
Wrought Alloys. Cu -10 Al (10% Aluminum Bronze)....... .. 930 
Some 4% erties of Copper-Zine 909 825 Cu-10 Al-5 Ni-25 Fe (Aluminum Bronze ) 932 
95 Cu (Gilding Metal).... 910 Cu-2 Be-0.25 Co (or 0.35 Ni) (Beryllium Copper) 
90 Cu 10 Zn (Commercial Bronze) 911 . 
85 Cu-15 Zn (Red Brass) 912 Casting Alloys 
80 Cu-20 Zn (Low Brass) ; 914 88 Cu-6 Sn-1.55 Pb-4.5 Zn (Leaded Tin Bronze)... ‘ 935 
0 Cu-30 Zn (Cartridge wrass) 915 87 Cu-8 Sn-1 Pb-4 Zn (Leaded Tin Bearing Bronze) i 936 
65 Cu-35 Zn (Yellow Brass) 917 85 Cu-5 Sn-9 Pb-1 Zn (High-Leaded Tin Bronze) 936 
60 Cu-40 Zn (Muntz Metal) 917 83 Cu-7 Sn-7 Pbp-3 Zn (High-Leaded Tin Bronze) 936 
89 Cu-9.25 Zn - 1.75 Pb (Leaded Commercial Bronze)........ 918 80 Cu-10 Sn-10 Pb (High-Leaded Tin Bronze) 936 
64.5 Cu-35 Zn-05 Pb (Low-Leaded Brass).................. 918 78 Cu-7 Sn-15 Pb (High-Leaded Tin Bronze) 937 
67 Cu - 32.5 Zn -0.5 Pb (Low-Leaded Brass Tube)............ 918 70 Cu-5 Sn-25 Pb (High-Leaded Tin Bronze) 937 
64.5 Cu - 34.5 Zn-1.0 Pb (Medium-Leaded Brass) 918 85 Cu-5 Sn-5 Pb-5 Zn (85-5-5-5) 937 
62.5 Cu- 35.75 Zn -1.75 Pb (High-Leaded Brass)........ 919 83 Cu-4 Sn-6 Pb-7 Zn (Leaded Red Brass) 938 
62.5 Cu-35 Zn-2.5 Pb (Extra-High-Leaded Brass) 919 81 Cu-3 Sn-7 Pb-9 Zn (Leaded Semi-Red Brass) 938 
61.5 Cu-35.5 Zn-3 Pb (Free-Cutting Brass) ...... 919 76 Cu-3 Sn-6 Pb-15 Zn (Leaded Semi-Red Brass) 938 
60 Cu- 39.5 Zn-0.5 Pb (Leaded Muntz Metal) 920 71 Cu-1 Sn-3 Pb-25 Zn (Leaded Yellow Brass) 938 
60.5 Cu - 384 Zn-1.1 Pb (Free-Cutting Muntz Metal) 920 66 Cu-1 Sn-3 Pb-30 Zn (Leaded Yellow Brass) 939 
60 Cu - 38 Zn -2 Pb (Forging Brass).................. 920 60 Cu-1 Sn-1 Pb-38 Zn (Leaded Yellow Brass) 939 
57 Cu-—40 Zn -3 Pb (Architectural Bronze) 920 62 Cu - 26 Zn -3 Fe-5.5 Al-3.5 Mn 
71 Cu-28 Zn-1 Sn (Admiralty Metal).... 920 (High-Strength Yellow Brass) . 939 
60 Cu 39.25 Zn -0.75 Sn (Naval Brass) 921 58 Cu 39.25 Zn - 1.25 Fe -1.25 Al - 0.25 Mn 
60 Cu - 37.5 Zn -1.75 Pb -0.75 Sn (Leaded Naval Brass) 922 (High-Strength Yellow Brass) 940 
58.5 Cu-39 Zn-14 Fe-1 Sn-0.1 Mn (Manganese Bronze) 922 59 Cu -0.75 Sn - 0.75 Pb - 37 Zn - 1.25 Fe -0.75 Al-05 ‘Mn 
16 Cu-22 Zn-2 Al (Aluminum Brass).................. : 923 (Leaded Manganese Bronze) 940 
95 Cu-5 Sn (Phosphor Bronze, 5°) - Grade A) 923 66 Cu-5 Sn-1.5 Pb-2 Zn-25 Ni (Nickel Silver) 940 
92 Cu-8 Sn (Phosphor Bronze, 8 —- Grade C) 923 64 Cu-4 Sn-4 Pb-8 Zn-20 Ni (Nickel Silver) 940 
9 Cu-10 Sn (Phosphor’ Bronze, 10% - Grade D)... 924 57 Cu-2 Sn-9 Pb-20 Zn-12 Ni (Nickel Silver) 941 
98.75 Cu -1.25 Sn (Phosphor Bronze, 1.25% — Grade E) 924 60 Cu-3 Sn-5 Pb-16 Zn-16 Ni (Leaded Nickel Brass) 941 
70 Ni (Cupro-Nickel, 90%)... 925 89 Cu-1 Fe-10 Al (Aluminum Bronze) 941 
65 Cu -— 18 Ni-17 Zn (Nickel Silver, 18% - ‘Alloy PRecuuses 925 87.5 Cu-3.5 Fe-9 Al (Aluminum Bronze) 942 
55 Cu - 27 Zn — 18 Ni (Nickel Silver, 18% - Alloy B)........... 926 86 Cu -4 Fe-10 Al (Aluminum Bronze) PRA ORCS 442 
Cu -3 Si (Silicon Bronze, Type A)........ccsccccccccccscccees 926 79 Cu-5 Fe-11 Al-5 Ni (Aluminum Bronze).............+.. 942 
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Magnesium and Magnesium 


By the ASM Committee on Magnesium 


THE MAGNESIUM SECTION of the 
1948 ASM Metals Handbook, pages 967 
to 1024, is still accurate in most details. 
However, additional information is now 
available concerning alloys and proc- 
esses that have attained industrial use 
during the past six years. This article 
supplements the 1948 Magnesium Sec- 
tion by summarizing the most impor- 
tant of the new data on production, 
processing, application and alloy prop- 
erties, in the order named. 


Production and Use 


Annual production of primary mag- 
nesium in the United States reached 
106,000 tons in 1952 and declined to 
92,000 tons for 1953 (Fig. 1). The gov- 
ernment-operated magnesium plants, 
reopened in 1951, were closed in 1953. 
Consumption in 1953 was 26,000 tons: 
the remainder went to the Government 
stockpile. The consumption of all 
magnesium products has increased 


OS 


US Production of 
- Primary Magnesium 


Thousonds of Short Tons 
S 


1935 1940 1945 1950 1955 


Fig. 1. Production of Primary Mag- 
nesium in the United States 


steadily since 1946, the postwar low 
period. Distribution among products 
in 1948 and 1953 is compared in Ta- 
ble I. The greatest percentage in- 
creases have been in permanent mold 
and die castings. Sand castings in- 
creased the most in tonnage. 

Cast products amount to about 65% 
of the total. The industry now includes 
over 75 sand and permanent mold 
foundries and more than 30 die casters 
Five companies produce extrusions (not 
including aluminum extruders also able 
to work magnesium); four companies 


Table I. Consumption of Magnesium 
Products (Tons) 


Product 1948 1953 
Sand castings 3.917 11,584 
Die castings een 413) 3.057 
Permanent mold castings 350 
Sheet 914 2,743 
Extrusions 1916 5,500 
Forgings 103 200 

Total 7,613 25,742 


Supplements the Magnesium 
Section of the 1948 ASM Metals 
Handbook, pages 967 to 1024 


Alloys 


Subdivisions 
Page 
Production and Use ...... 
Cleaning and Finishing .... 7 
Application, 

Design and Selection ..... 75 
Protection of Assemblies . 16 
Cathodic Protection ...... . 16 

Alloy Data 
Mg-5.77n-0.55 Zr .... 77 
Mg-4.52Zn-0.7 Zr ......... 


Mg - 3.4 Rare Earth - 0.4 Zr 78 
Mg -4.0 Rare Earth-0.7 Zr . 78 
Mg - 3.0 Rare Earth - 


2.5 Zn - 0.6 Zr 


Mg - 8.6 Al-0.7 Zn-0.13 Mn. 79 


operate rolling mills, and three make 


magnesium forgings. 


A notable improvement in grain re- 


finement by carbon 


been made since 


inoculation has 


1948 Improved 


foundry techniques have also enabled 
the production of large, intricate, thin- 
walled castings, utilized in many air- 


craft and airborne products 


Forging 


applications have not increased signifi- 
cantly since 1948; utilization of sheet 
has increased steadily as fabricators 


have become more 
use of heated tools. 


familiar with the 


During the past five years five new 


alloys have been 


Table I. 
First Part 


Indicates the two 
principal alloying 
elements 


Consists of two code 
letters representing 
the two main alloy- 
ing elements ar- 
ranged in order of 
decreasing percent- 
age (or alphabet- 
ically if percentages 
are equal) 


A—Aluminum M 


B—Bismuth N—Nickel 


introduced 
for extrusions and forgings; ZK51A for 


ZK60A 


Second Part 


Indicates the 
amounts of the two 
principal alloying 
elements 


Consists of two 
whole numbers 
corresponding to 
rounded-off per- 
centage of the two 
main alloying ele- 
ments and arranged 
in same order as the 
alloy designations 
in the first part 


Manganese Whole 


numbers 


Copper Lead 
D—Cadmium Q-—Silver 
E—Rare Earth R—Chromium 
*Jron S—Silicon 


H—Thorium 


L—Beryllium 


(a) This systern is standard for both 
num alloys; thus, designation should be preceded by the name of 


Tin 
K—Zirconium Z—Zine 


four-part de 


castings used at normal temperature, 
and EK30A, EK41A and EZ33A for cast- 
ings used at elevated temperatures 
Data on these new alloys are tabulated 
on page 78; new information on alloy 
AZ9IC is given on page 79. 

A standard system of alloy designa- 
tion, adopted in 1948, is explained in 
Table Il. The designation system 
works as follows: Consider the mag- 
nesium alloy designated AZ91C-T4, 
whose standard composition and typi- 
cal properties appear on page 79. The 
first part of the designation, AZ, sig- 
nifies that aluminum and zine are the 
two principal alloying elements. The 
second part of the designation, 91, 
means aluminum and zine are present 
in rounded-off percentages of 9 and 
1%, respectively. The third part, C, 
indicates that this is the third alloy 
standardized with 9°% Al and 1% Zn 
as the principal alloying additions. The 
fourth part, T4, notes that the alloy 
is in the solution treated condition. 


Processing 


With the exceptions discussed below, 
magnesium and magnesium alloys are 
fabricated by methods described on 
pages 978 to 991 of the 1948 Metal: 
Handbook 

Impact Extrusion methods are now 
used for making some small, symmetri- 
cal, tubular parts. Any sturdy, well 
guided press delivering about 30 tons 
per sq in. pressure, will turn out im- 
pact extrusions at rates up to 100 
pieces per min 

Commercial wrought magnesium 
alloys in Fig. 2 can be impact ex- 
truded; pressure requirements at 450 
to 750F are shown on the graph 
Temperatures as low as 300F are 
commonly used. Impact extrusions are 
practical for tubular products with 
wall thickness from 0.02 to 0.10 in. and 
length-to-diameter ratios up to 8 to 1 
Reduction in area in this one-step 


Standard Four-Part System for Alloy Designation (ASTM): 


Third Part Fourth Part" 


Indicates condition 
and propertic 


Distinguishes be- 
tween different 
standard alloys with 
the same rounded- 
off percentages of 
the two principal 
alloying element 


Consists of a letter Consists of a letter 
of the alphabet a followed by a nun 

signed in order a ber (Separated 
from the third part 
come standard of the de 


composition be- 
gnation 


by a hyphen) 


Letters of alphabet I As tabricated 
except I and O © Annealed 
1124 Strain hard 
ened and partial 
anne ed 
14 olution heat 
Note: As an example of a typical treated 
ignation AZS1C-T4 TS Artificial 
wed 


is explained in the text 


the base metal unless base metal is obvious 


nation system has been adopted by 


Solution heat 


magnesium and alut 


fioially aged 
ib) Temper de 
Aluminum Association and Magnesium Association 
but not as yet by the ASTM ic) Only those temper designations presently used in mag 


nesium alloy standards are 


listed here 
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Table IIL. 


Acid Bath Treatment 


Electrolyte 
Ammonium acid fluoride 
Sodium dichromate 
Phosphoric acid (85°) 
Water 

Operating Conditions 
Current density 


Time 


current density in amp per sq ft 


Temperature 
Voltage 


HAE Alkaline Bath Treatment 


Electrolyte 
Potassium hydroxide 
Aluminum hydroxide 

(trihydrate) 

Potassium fluoride 
Trisodium phosphate 
Potassium manganate 
Water 

Operating Conditions 
Current density 


Time (general use) 


Time (paint base) 


Note: Under certain conditions, a 0.0003-in. softer HAE coat- 


Anodic Treatments for Magnesium Alloys 


160 to 180 Water 


up to 110 ae or de 


Table IV. Zinc Immersion Coating Solution 


oz g per | 
240 to 300 g Zine sulphate monohydrate (ZnSO,-H-O) oe © 45 
100 g Tetrasodium pyrophosphate (Na:P.O;) 26 210 
90 mi Either 
ere to make 1000 mi Potassium fluoride (KF) er 094 7 
or Sodium fluoride (NaF) : 0.67 5 
5 to 50 amp per sq ft Either 
300 to 500 amp-min per sq ft Potassium carbonate (K:COs) + 0.67 5 
or Sodium carbonate (NasCOns) J 


to make 1 gal 


Table V. Copper Striking Bath Compositions 


120 g Oz g per | 
g Copper cyanide (CuCN) 5.5 41.25 
33.8 g Sodium cyanide (NaCN) . 68 51.0 
.....188g Sodium carbonate (NasCOs) 30.0 
to make 1000 mj  Rechelle salt .. 60 45.0 
Sodium hydroxide (NaOH) .. 75 
15 amp per sq ft preferred Free cyanide re 0.75 0% 
Jater t ake 1 gal 
900 amp-min per sq ft Water .......... ? 
current density in amp per sq ft Bath 25 26 95 
45 amp-min per sq ft Copper cyanide (CuCN) ...... ack 26 25 
Potassium cyanide (KCN) 45.75 
current density in amp per sq ft Potassium carbonate (KeCOs) ; . 2a 15.0 
up to 90 ac Potassium hydroxide (KOH) .......... of 75 
Potassium fluoride (KF) ........ . 40 30.0 


ing can be produced which appears to have corrosion resistance 
approaching that of thicker, harder coatings 


process is usually 85 to 95%. Practical 
tolerances on wall thickness are from 

+ 0.002 in. on thinnest walls, to + 0.005 
in. on the thickest sections extruded. 

Welding is mostly inert-gas-shielded 
are welding, using tungsten electrodes. 
Weld efficiencies of 80% of the parent 
stock are common. Shielded-arc weld- 
ing with consumable electrodes is fea- 
sible for magnesium more than '4 in. 
thick. Resistance welding, especially 
spot welding, is economically feasible. 

Adhesive Bonding of magnesium is 
now an established method of joining. 
It saves weight, the joints are stronger 
in fatigue than mechanical joints, and 
corrosion at faying surfaces is also 
eliminated, 

Machining techniques described in the 
1948 Handbook are now used exten- 
sively. Cutting of magnesium with 
carbide saws, routers, milling cutters 
and shapers at 8000 ft per min is pos- 
sible; power requirements are about 
1/6 those for mild steel. Sharp cutting 
edges and polished tool faces are re- 
quired for best results. 


Cleaning and Finishing 


The acetic acid pickle has been re- 
placed by the following acetic-nitrate 
pickle, at 68 to 77F: 

Glacial acetic acid (CHyCOOH) 25'2 floz 
Sodium nitrate (NaNOs) ..... 62, 
To make 1 gal 


Usual treating time is 30 to 60 sec. 
This pickling solution can be contained 
in aluminum, ceramic or rubber-lined 
tanks. 

Anodic Treatments. Two new anodic 
treatments are available for magne- 
sium, the acid bath and the HAE alka- 
line bath. Both are superior to the 
dichromate treatment when maximum 
corrosion resistance and paint adhesion 
are desired. The treatments are self- 
cleaning and require no pre-pickle, as 
the high voltage forms the coating 
under contaminants and lifts them 
from the surface. Corrosion product, 
graphite, mill scale, heavy metal im- 
purities and other foreign elements are 
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Water 


ZKEOA AZ6IA 


“ 450 500 550 600 650 700 750 
Temperature,deg 
Fig. 2. Pressure Requirements for 
Impact Extruding Magnesium and 
Four Magnesium Alloys with Graph- 
ite Lubricant and 85% Reduction 
in Area 


all removed during the process. Never- 
theless, to avoid contaminating the 
bath excessively, particularly dirty or 
greasy surfaces should be given some 
precleaning. 

Both coatings provide an excellent 
base for paint and for oil or wax coat- 
ings. They are resistant to many chem- 
icals and have good abrasion resist- 
ance; the HAE coating is superior in 
this respect. For resistance to mildly 
corrosive environments the HAE coat- 
ings should be dipped for 25 to 30 sec 
in a hydrofluoric acid solution (1/3 
HF by vol), rinsed and aged at 170F 
in 90°. relative humidity for 3 to 8 hr. 

Coating bath compositions and oper- 
ating conditions for the two anodic 
treatments are shown in Table III; 
both anodic treatments, so applied, in- 
crease dimensions by about 0.001 in. per 
surface. If desired, the coating may be 
held to as little as 0.0002 in. Under cer- 
tain conditions, a 0.0003-in. softer HAE 
coating can be produced which appears 
to have corrosion resistance approach- 
ing that of thicker, harder coatings. 

Caustic Anodizing, described on page 
993 of the 1948 Handbook, is now little 
used; dyeing of the coating for com- 
mercial uses has not been practical. 

Electroplating. A commercially ac- 
ceptable electroplating process has been 
developed for magnesium alloys. Its 
success depends almost entirely on ad- 
hesion and uniformity of the initial 
zinc immersion coating and _ proper 
formulation and control of the copper 
strike bath. 


to make 1 gal 


For decorative chromium plating 
(successive Cu, Ni, Cr) minimum plate 
thicknesses should be 0.00075 to 0.001 
in. for interior use, 0.00125 for mild ex- 
terior service, 0.0015 for average exte- 
rior and 0.002 in. for severe exterior 
exposure. When nickel is not used, the 
total plate thickness should be in- 
creased 25% to provide corrosion re- 
sistance equal to the Cu-Ni-Cr plate. 

The five basic steps for electroplating 
magnesium and magnesium alloys are: 
surface conditioning, activating, zinc 
immersion coating, copper striking, and 
standard plating procedure to obtain 
the final coating. 

Surface Conditioning. All parts must 
be pickled or mechanically polished. 
Before pickling, oily matter must be 
cleaned off. Blast cleaned surfaces are 
highly reactive and unsuitable for plat- 
ing unless pickled after blasting. 

Activating. To activate magnesium 
surfaces that will receive the zinc coat- 
ing, parts are immersed 2 min at 70 to 
90F in the following bath: concen- 
trated phosphoric acid (85°) H,PO,), 
1.6 pints; sodium, potassium or ammo- 
nium acid fluoride ‘(NaHF,., KHF, or 
NH,HF.), 13! 0z; water, to make 1 gal. 
This solution removes normal surface 
contamination from magnesium with- 
out a roughening etch, and activates 
the surface to receive the zinc immer- 
sion coating. 

Zinc Immersion Coating is applied by 
the solution given in Table IV. The 
bath is prepared by first dissolving the 
zine sulfate monohydrate in water at 
room temperature. The solution is 
then heated to 140 to 180F and the 
tetrasodium pyrophosphate added. A 
fluffy precipitate forms and dissolves 
after further stirring for 5 min or 
longer, depending on temperature and 
agitation. After the precipitate is com- 
pletely dissolved, the fluoride is added, 
then the carbonate to adjust the pH, 
which may range between 10.0 and 
10.6, with 10.2 to 104 preferred ‘colori- 
metric determinations; electrometric 
values with a glass electrode should be 
0.5 pH lower). More or less carbonate 
may be required than the quantity 


Voltape | 
330 
Q ‘ 
=. | | 
820 998% Magnesum 


shown, to obtain the proper pH in the 
above range Carbonate should be 
added slowly and pH measurements 
made intermittently. 

The bath is operated at 175 to 185 F 
with mild agitation Parts are im- 
mersed for 3 to 10 min; optimum time 
is 3 min for MIA alloy and about 5 
min for other magnesium alloys. Time 
will vary with temperature, alloy and 
freshness of the bath, but should be 
only long enough to cover the part 
completely with a zine deposit. Beyond 
this point, the zinc may loosen, which 
will result in poor adhesion of subse- 
quent electrodeposits. Immersion is 
followed by cold water rinsing only. 

Copper Striking. Immediately after 
being rinsed, the zine coated parts are 
given a copper strike in one of the 
copper cyanide baths defined in Table 
V. These are operated at 130 to 150F, 
with cathode agitation preferred 

With either bath, a high current 
density of 30 to 40 amp per sq ft is 
applied for the first 30 to 60 sec if 
deeply recessed parts are to be plated 
Prolonged striking at high current 
density should be avoided, as it may 
cause inferior adhesion and subsequent 
blistering. After the first 30 to 60 sec 
deposition, current density is decreased 
to 15 to 25 amp per sq ft, and plating 
is continued for 5 min, or longer if 
maximum brightness is desired. Aver- 
age parts, not deeply recessed, do not 
require a high initial current density. 

Periodic current reversal is advan- 
tageous. Using a 15-sec forward and 
3-sec reverse plating cycle, bright 
smooth deposits may be obtained, elim- 
inating the need for further copper 
plating. With periodic reversal, it is 
best to plate the first 30 to 60 sec on 
the forward cycle, and then to apply 
alternating forward and reverse cycle. 
This allows an initial layer of copper 
to build up before deplating occurs, 
assuring best adhesion 

After deposition of at least 0.0005 in. 
of copper, the parts are immersed in 
any conventional bath for electrodepo- 
sition of nickel, chromium, silver, gold, 
cadmium or other desired metal. When 
cyanide baths are used for final plating, 
0.0001 in. of copper is sufficient. 

Painting. For most commercial prod- 
ucts, the polyvinyl] butyral primers, with 
or without phosphoric acid activating 
agent, adhere well to bare or poorly 
chemically treated magnesium. The 
phosphoric acid content of wash prim- 
ers must be kept low to prevent forma- 
tion of hydrogen, which is trapped in 
the primer film as a blister. 

Finishes containing the epichlorhy- 
drin bisphenol resins adhere well to 
bare magnesium and have good resist- 


Table VI. Fatigue Properties 
of Five Magnesium Alloys 


Stress at Indicated Cycles, psi 
Alloy 10 ly 10 10° 


ZK60-T5 
Extruded | 
ZK51-T5 
ZK51-T6 18.000 14.000 11,000 10,000 
Cast 

EK30-T6 
EK41-T5 | 
EK41-T6 
EZ33-T5 
Cast 


29.000 24,000 20,000 19,000 


15,000 12,000 9000 8,000 


R. R. Moore rotating-beam fatigue test- 
ing machine with unnotched specimens 
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ance to alkaline solutions; hence they 
protect magnesium from galvanic cor- 
rosion. Vinyls are also outstanding in 
this respect. Further information on 
painting is given on page 993 of the 
1948 Handbook. 


Application, Design 
and Selection 


Service experience in military air- 
craft, emphasis on weight saving in 
military equipment generally, and de- 
velopment of new alloys have resulted 
in increased use of magnesium since 
the year 1948. 

Alloy ZK60A has provided extrusions 
and forgings of higher strength at 
room temperature; ZK51A is the anal- 
ogous alloy for castings The new 
alloys EK30A, EK41A and EZ33A, con- 
taining rare earth metals, extend the 
useful temperature range for magne- 
sium alloys to about 600 F. 

Fatigue Considerations influence de- 
sign for magnesium increasingly be- 
cause the static properties of the 
stronger magnesium alloys have been 
improved more than their fatigue 
strength. Representative fatigue prop- 
erties of laboratory specimens of the 
alloys developed since 1948 are shown 
in Table VI; these data cannot be ap- 
plied directly in design. A specimen 
of alloy ZK60A-T5 (static yield strength 
42,000 psi) with a machined 60° notch 
of 0.001-in. radius has a fatigue limit 
of 4000 psi at 500 million cycles, com- 
pared with 16,000 psi for the unnotched 
specimen. This is a notch factor of 
0.25 (4000/16,000). For a shorter life 
of 100,000 cycles, the notch factor is 
about 048. As the severity of the 
notch decreases, its effect on the fatigue 
limit decreases rapidly. For instance, 
a semicircular notch of 0.047-in. radius 
reduces fatigue strength only 20% com- 
pared with 75% reduction caused by 
the sharp V-notch cited above 

When fatigue is the controlling fac- 
tor in design, every effort should be 
made to decrease the severity of the 
stress raisers. The use of generous 
fillets in re-entrant corners and grad- 
ual, rather than abrupt, changes of 
section contribute greatly in increasing 
the resistance to fatigue failure. Situ- 
ations which lead to the overlapping 
effects of one stress raiser on another 


should be eliminated Further im- 
provement in fatigue strength can be 
obtained by some operation that will 
leave the part with a stress pattern 
conducive to long life. Cold working 
the surface of a critical region by roll- 
ing or peening to achieve appreciable 
plastic deformation produces a residual 
compressive stress on the surface and 
leads to an increase in fatigue life 

Surface rolling of radii is especially 
beneficial to the fatigue resistance of a 
part, as the radius is generally the loca- 
tion of higher-than-nominal stresses 
In surface rolling, the size and shape 
of the roller, as well as the feed and 
pressure, are controlled, to obtain a 
definite plastic deformation of the sur- 
face layers for an appreciable depth 
(0.010 to 0.015 in.); control is also nec- 
essary in shot peening. In all surface 
working processes, caution Is necessary 
to avoid surface cracks, which decrease 
fatigue life 

These and other surface working 
processes are discussed in detail on 
page 104, 

Applications at Elevated Temperatures. 
Two types of magnesium alloys are 
being used at elevated temperatures 
(1) Mg-Al-Zn, comprising alloys AZ63A, 
AZ91C and AZ92A and (2) Mg-RE-Zr, 
with or without Zn, comprising EK30A, 
EK41A and EZ33A. (RE signifies rare 
earths.) 

The Mg-Al-Zn alloys are stable to 
about 200 F and often provide satisfac- 
tory service in stressed parts up to 
400 F. Elevated temperature proper- 
ties are given for these alloys in the 
1948 Handbook, page 1003. Beginning 
between 200 and 400 F, a lighter struc- 
ture can be made with EK30A, EK41A 
or EZ33A, providing the designed wall 
thickness is at least as great as the 
minimum that is castable, which is 
about ' in. 

Slight differences in short-time ten- 
sile properties can be found among the 
rare-earth-metal alloys; however, if 
long-time properties at elevated tem- 
perature are the only important con- 


Table VII. Typical Short-Time Elevated 
Temperature Tensile Properties of 
Mg-RE-Zr and Mg-RE-Zn-Zr 


Alloys 
Temp, Tensile Yield ‘ 
deg Strength, Strength, Flong 
Fahr psi psi in 2in 
Alloy 

70 23,000 16,000 2 
300 21,000 15.000 
400 20,000 14.000 13 
500 18.000 12,000 30 
600 12,000 8.000 vil] 

Alloy EK41A-T5'" 

22.000 17,000 1 
20000 13.000 "4 
500 18.000 12.000 31 
600 12,000 6,000 a4 

Alloy 

26,000 20,000 4 
23.000 1 
400 22.000 17.000 12 
20.000 15.000 19 
600 14.000 000 

Alloy EZ33A-T5 

70 233.000 17.000 2 
400 21,000 11.000 
500 18.000 10.000 
12.000 2.000 
(a) 16 hr at 1050 F: air cool, 16 hr at 400 


F. (b) 16 hr at 400F ‘c) Shor at 420F 
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sideration, cost will govern selection 
because the creep properties of the 
various alloys are comparable and serv- 
ice performance of all is similar. 

Table VII shows the short-time ten- 
sile properties at elevated tempera- 
tures, for the alloys containing rare 
earth metals; Table VIII shows the 
effect of duration of creep testing on 
total extension. As there is no signifi- 
cant difference in creep. properties 
among the three rare-earth-metal 
alloys, the properties for all are aver- 
aged in Table VIII. For 0.5% total ex- 
tension in 1000 hr at 400F, the table 
shows a creep stress of 7000 psi; the 
corresponding stress for the Mg-Al-Zn 
alloy is 1700 psi. 


Protection of Assemblies 


Magnesium in contact with magne- 
sium or other metals must be protected 
against corrosion. The protective meas- 
ures discussed here apply to the most 
severe service, such as continuous 
weathering and exposure to intermit- 
tent wetting with chloride-laden splash. 
For interior use where condensation is 
unlikely, normal paint coatings usually 
provide ample protection against bi- 
metallic couples. 

Magnesium-to-Magnesium Contacts. 
Galvanic corrosion between various 
magnesium alloys is negligible, but 
faying surfaces should have at least 
one coat of a chromate-pigmented 
primer. 

Magnesium-to-Wood Contacts. Wood 
will hold water in contact with mag- 
nesium for a long period, and the nat- 
ural acids of the wood also are corro- 


Table IX. Preferred Metals for 
Bimetallic Joints in Order of Preference 


Magnesium to 

Magnesium to Steel 
1 56S (wire & rivets) 1 Zine plated steel 
2 61S (extrusions& 2 Zinc dipped steel 


sheet) 3 Cadmium plated 
3 52S (sheet) steel 
4 53S (extrusions & 

rivets) 


sive. Wood should be sealed with paint 
or varnish, and the faying surface of 
the magnesium should be treated with 
a chromate primer. 

Magnesium-to-Dissimilar Metals. To 
prevent galvanic attack between mag- 
nesium and dissimilar metals, the dis- 
similar metal should be chosen for best 
compatibility ‘Table IX) and the joint 
should be insulated by a nonconductive 
sealing compound, tape or paint, as 
indicated in Fig. 3. These barrier 
materials must remain nonconductive 
during use. 

Paints, Sealing Compounds and Tapes. 
The effectiveness of a paint as an in- 
sulating barrier is directly’ related to 
its water permeability; if water soaks 
through, the circuit is completed and 
galvanic attack begins. Primers of the 
zinc chromate pigmented type are sat- 
isfactory only in mildly corrosive envi- 
ronments. Some primers and most fin- 
ish coats resist water penetration and 
are recommended for use in more cor- 
rosive environments. Wherever paints 
are used, both dissimilar metal faying 
surfaces should receive the entire paint 
system before assembly ‘two or three 
coats of primer or one primer plus one, 
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Table VIII. 


Typical Creep Properties of Cast Magnesium Alloys 


Containing Rare Earth Metals 


Hours 

Temperature, Under 
deg Fahr Load 0.1% 
400 6,000 
6,000 
100.... . 5,000 
1000... . 4,000 
500 1 5,000 
10.. 4,000 
100... . 2,000 
1000. . 2,000 
600 2,000 
10 2,000 
100. . . 2,000 
1000 1,000 


Tests made on separately cast specimens 


Tensile Stress Resulting 


-———in Indicated Total Extension, psi———— 


0.2% 0.5% 1% 

10,000 13,000 15,000 
9,000 12,000 13,000 
8,000 10,000 11,000 
6,000 7,000 8,000 
8,000 10,000 12,000 
5,000 7,000 8,000 
3,000 4,000 5,000 
2,000 2,000 3,000 
3,000 4,000 5,000 
2,000 3,000 3,000 
1,000 2,000 2,000 
1,000 1,000 1,000 


Total extension includes initial extension 


after test load was applied, as well as deformation by creep. Properties for all three al- 
loys averaged; there is no significant difference among them. Six samples of each alloy 


were tested for 1000 hr 


two or three finish coats). Additional 
finish coats may then be applied after 
assembly for decorative purposes. 

Most sealing compounds are satisfac- 
tory for use with magnesium; many 
contain chromates as corrosion inhibi- 
tors. Bitumastic materials should be 
avoided because they may bleed 
through paint. Any excess of sealing 
compound should be squeezed out dur- 
ing assembly and filleted or beaded to 
protect the edges. 

Tapes are of organic rubber or plas- 
tic, or contain cloth to support a seal- 
ing compound. The rubber or plastic 
tapes form a positive insulating barrier, 
but the tape must extend out past the 
edges of the joint far enough so water 
or mud cannot bridge the tape and 
complete the galvanic circuit. 

Gaskets and Shim Materials should be 
tested under service conditions. In 
highly stressed joints, or in joints that 
might cut or pound out rubber or fabric 
insulating materials, the required gas- 
ket may be of 52S or 61S aluminum 
sheet. All gaskets must extend beyond 
the joint far enough to prevent bridg- 
ing by solution or mud. Shims should 
be primed with zine chromate primer, 
as should the magnesium, and the joint 
can be treated as a magnesium-magne- 
sium contact. Hygroscopic gasket ma- 
terials or those containing salts that 
corrode magnesium should not be used. 

Rivets, Bolts, and Inserts. Magnesium 
alloys are not suitable for fasteners; 
aluminum alloy 56S rivets are recom- 
mended. ‘(Rivets of 53S are almost as 
compatible with magnesium as 56S but 
are weaker.) Aluminum rivets should 
be anodized or chemically treated be- 
fore use. Bolts and hardware should 
be of 61S aluminum alloy. Under cad- 
mium plated steel bolts, 52S aluminum 
alloy washers should be used. 

Steel and copper rivets and _ steel, 
Monel, nickel, brass and aluminum 
‘other than 56S or 53S) bolts and 
screws should not be used bare in 
magnesium assemblies because there is 
no easy way to insulate them from the 
magnesium. Zine or cadmium plating 
on such parts is recommended, chem- 
ically treated to activate the electro- 
plate for better paint adhesion. 

Inserts used in magnesium should be 
cadmium or zinc plated. If service 
conditions are severe, an annular 
groove at least '4 in. wide should be 
filled with caulking compound. Inserts 
that are covered with grease or oil dur- 
ing service need no special protection. 


Cathodic Protection 


A metallic structure may be pro- 
tected against corrosion by being made 
the cathode of a direct-current elec- 
trical system. The current may be 
supplied from an external source (a 
battery or direct current); another 
system utilizes sacrificial or corroding 
galvanic anodes such as magnesium to 
supply the potential difference. 

To serve as a galvanic anode a metal 
obviously must be anodic to the metal 
to be protected under the particular 
operating conditions; it should not be 
susceptible to excessive polarization; 
and it should deliver the maximum 
ampere-hours per pound. An impor- 
tant practical factor is the “efficiency” 
of the anode. One pound of pure mag- 
nesium should theoretically yield 997 
amp-hr; in practice it comes to about 
500 amp-hr. 

Magnesium alloy galvanic anodes are 
usually supplied as castings or ex- 
truded rod with a core of steel rod or 
wire to maintain good electrical con- 
nection. Magnesium alloys containing 
aluminum and zinc are the most widely 
used. For extruded anodes AZ31B 
alloy is preferred; the specified maxi- 
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Sealing compound min 
or organic tape or paint overia 


Dissimilar metal 


52 S Aluminum washer Cadmium plated steel 


bolt and nut 
Magnesium 


to’, in min 


Sealing compound overlap 


or organic tape or paint 


Cadmium or zinc plated 
washer “‘Dissimilar metal 
Cadmium plated stee/ bolt and nut 
Cadmium or zinc plated Sealing compound or 
washer nonporous gasket 
Magnesium, 


fo “4in min 


Sealing compound 
overlap 


or organic tape or paint 
Cadmium or zinc plated — 
washer “Dissimilar metal 
Fig. 3. Alternative Methods of Riv- 
eting and Bolting Magnesium to 
Dissimilar Metal or Wood 
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mum contents of iron, nickel and cop- 
per in this high-purity alloy should not 
be exceeded. For cast anodes, some 
modification of alloy AZ63A is gener- 
ally preferred; 0.003% max Fe and 
0.002‘ max Ni, markedly improve the 
efficiency and life of this type of 
anode; copper is specified as 0.05% 
max in some variations. Commercially 
pure magnesium (99.8%, ASTM B92- 
52) is sometimes used. 

Magnesium galvanic anodes serve 
principally for the cathodic protection 
of ferrous structures, often in conjunc- 
tion with organic coatings. Under- 
ground, magnesium anodes are used to 
protect the outside surface of gas, oil 
and water pipe lines and electrical 
grounding systems. A mixture of chem- 
ical compounds, called “backfill”, often 
is put around the buried anodes to 
reduce their resistance to ground, par- 
ticularly in soils of high resistivity. 
The backfill generally contains electro- 
lytes such as gypsum and sodium sul- 
fate and an inert water-retaining in- 
gredient such as bentonite. Even with 


A 3 ASTM number. 
shapes), B217-53T (tubing) 


~ 


trusions) 


(forgings) 


B 1 Typical uses. Highest strength of magnesium wrought 


PROPERTIES OF 


ZK60A, B107-53T 
Government number. Alloy ZK60A, MIL-M-5354 (ex- 


Other designations. AMS 4352 (extrusions), AMS 4362 K 


backfills, buried magnesium anodes are 
sometimes limited to soils with re- 
sistivity less than 5000 ohm-cm. Such 
soils also may require more anodes or 
longer anodes. 

Underground anodes are usually cy- 
lindrical, square or D-shaped castings, 
the latter typically 4 by 4 by 17 to 20 
in. and weighing 16 to 20 lb. In Soils 
of higher resistivity, extruded rod an- 
odes (“ribbon anodes” about *% by % 
in. in cross section) may be used, so as 
to expose a larger area of anode and 
reduce resistance to ground by burying 
long lengths of the extruded rod par- 
allel to pipe lines. 

Magnesium anodes can protect gal- 
vanized steel tanks in the majority of 
water supply systems, augmenting the 
protection afforded by the zinc on the 
steel. Anodes for this service are usu- 
ally supplied as cast or extruded rods 
with diameters corresponding to stand- 
ard pipe sizes, for convenience in sup- 
porting them from threaded apertures 
in the tank. 

To protect pipe lines, piers, ship 


Mg-5.7 Zn -0.55 Zr 


(bars, rods and 


MAGNESIUM 


hulls, ballast tanks and other equip- 
ment from sea water, anodes are Usu- 
ally castings of the same size or larger 
than those used for buried pipe. With 
uncoated steel structures such as piers 
and pilings, a high initial current 1s 
sometimes applied for a short time to 
form a uniform, hard, calcareous coat- 
ing on the anode. This coating reduces 
the subsequent current required for 
adequate protection. To provide this 
initial high current, supplementary 
ribbon anodes are practical 

Magnesium anodes can also be em- 
ployed for the protection of nonferrous 
metals that are cathodic under the 
operating conditions. In structures in- 
volving amphoteric metals such as lead 
and aluminum alloys, if the ampho- 
teric metals are polarized to extremely 
high potentials, they may corrode ca- 
thodically because of an alkaline envi- 
ronment formed at their surface. The 
anode installation should, therefore, 
be carefully controlled so as to provide 
only enough current to protect the 
amphoteric metals. 


ALLOYS 


E 1 Volume conductivity referred to standard copper. 29%, 


condition F; 30%, condition T5 


Electrical resistivity at 20C (68F) 


60 microhm-cm, 


condition F; 5.7 microhm-cm, condition T5 


Mechanical properties. See Table I. 


All forms. Modulus of elasticity 6,500,000 psi 


Modulus of rigidity 


2,400,000 psi 


alloys combined with good ductility. Available as ex- 4 Machinability inder (free-cutting brass = 100). 500 


truded products and press forgings. 


maximum strength. 


Heat treated for L 2 Radiography. 


See page 1013, 1948 Metals Handbook. 


Composition limits. Components: 48 to 6.2% Zn, 0.45% 


C 1 Density at 20C (68F). 1.83 g per cu cm (0.066 lb per min Zr; impurities: 0.3% max other elements (total) 
cu in.) N 1 Melting temperature. 520 to 635C (968 to 1175 F) 
D 1 Liquidus temperature. 635C (1175 F) 2 Casting temperature (ingot). 690 to 746 C (1275 to 1375 F) 
2 Solidus temperature. 520C (968 F) 3 Alloying. Add zine as zinc; add zirconium as magne- 
3 Minimum “burning” (liquation) temperature. 340C sium-zirconium alloy or as zirconium-containing salt 
(645 F), approx 7 Hot working temperature. 316 to 399C (600 to 750 F) 
6 Thermal expansion at 40C (104F). 0.000026 per °C 8 Shortness temperature. 316C (600 F), cast; 510C (950 
11 Specific heat at 25C (78 F). 0.25 cal per g F), wrought 
13 Latent heat of fusion. 89 cal per g 15 Heat treatment. Aging, 150C (300 F) for 24 hr in air; 
16 Thermal conductivity at 20C (68F). then cool in air. 
0.28 cal/sq cm cm’ C sec, condition FP; 17 Joining. Rivet composition. Aluminum alloy 56S-H12 


0.29 cal/sq cm/cm/ C/sec, condition T5 


Inert-gas-shielded arc welding is in limited use. 


Table I. Typical Mechanical Properties of Alloy ZK60A at Room Temperature 


Tensile 
Tensile Yield 
Strength, Strength,“ 
Condition psi psi 


49,000 38,000 
T5 53,000 44,000 
F 46.000 34.000 
T5 50,000 40,000 


‘a’ 02°) offset ‘b) 500-kg load, 10-mm ball. (c) 2% of hole diameter offset, 2'4-diam edge distance 


A 3 ASTM number. ZK51A, B80-53T (sand cast) 


Elon- Brinell Shear 
gation, Hardness Rockwell Strength, 
% Number’ Hardness psi 


Bars, Rods and Shapes 


14 75 E 84 25,000 

11 82 E 88 26,000 
Hollow Shapes and Tubing 

12 E 84 sees 

11 82 E 88 


Mg-4.5 Zn-0.7 Zr 


Compressive Hearing 
Yield Bearing Yield 
Strength, Strength, Strength,” 
psi psi psi 


33,000 80,000 57,000 
36,000 83,000 60,000 
25,000 
29,000 


D 1 Liquidus temperature. 635C (1175 F) 


B 1 Typical uses. Sand castings of high yield strength with 
low microporosity, uniformity of properties throughout 
large complex castings and requiring only low-temper- 
ature heat treatment 

C 1 Density at 20C (68F). 18 g per cu cm (0.065 lb per 
cu in.) 


2 Solidus temperature. 560C (1040 F) 
6 Thermal erpansion 20 to 200C (68 to 392 F) 
per “C 
11 Specific heat 20 to 100C (68 to 212 FF). 0.23 cal per g 
16 Thermal conductivity at 20C (68F). 
0.27 cal/sq cm/cm/ C/sec 


0.000027 
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L 2 Radiography. See page 1013, 1948 Metals Handbook. 


imately the same as tensile yield strength. (b) 
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3 ASTM number. 
1 Density at 20C (68F). 


6 Thermal expansion at 40C (104 F). 
11 Specific heat at 25C (18 F). 
13 Latent heat of fusion. 89 cal per g 
16 Thermal conductivity at 20C (68 F). 


1 Density at 20C (68F). 


6 Thermal expansion at 40C (104F). 
11 Specific heat at 25C (18 F). 
13 Latent heat of fusion. 
16 Thermal conductivity at 20C (68 F). 


2 Electrical resistivity at 20C (68F). 6.7 microhm-om 
1M 


echanical properties. 


Tensile Brinell 
Tensile Yield Elon- Hardness 
Strength, Strength,’ gation, Number 
Condition psi psi % (b) 
Ascast§ 33,000 19,000 11 60 
Heat treated’? 23,500 8 70 


(a) 02% offset 


12 hr at 180C (355 F) 


All forms. Modulus of elasticity 6,500,000 psi 
Modulus of rigidity 2,400,000 psi 
Poisson's ratio 0.35 


EK30A, B80-53T (sand cast) 
Typical uses. Applications requiring good creep prop- 
erties at 300 to 500 F 


1.79 g per cu cm (0.065 lb per 
cu in, 


Solidus temperature. 593 C (1100 F) 
0.000026 per 
0.25 cal per g 


0.25 cal/sq em/cm/ C/sec, approx 


1 Volume conductivity referred to standard copper (con- 


dition T6). 25% 


2 Electrical resistivity at 20C (68F) (condition T6). 6.9 


microhm-cm 


Mechanical properties (condition T6). Tensile strength 
23,000 psi; yield strength 16,000 psi; elongation 3%; 
Brinell hardness number 45; Rockwell E49; compres- 
sive yield strength (0.2% offset) 16,000 psi; modulus of 
elasticity 6,500,000 psi; modulus of rigidity 2,400,000 psi; 
Poisson's ratio 0.35 


3 ASTM number. EK41A, B80-53T (sand cast) 
1 


Typical uses. Applications requiring good creep prop- 
erties at 300 to 500 F 

ap 1.81 g per cu cm (0.066 lb per 


Solidus temperature. 591C (1095 F) 


0.000026 per °C 
0.25 cal per g 
89 cal per g 


0.25 cal/sq cm/cm 


C/sec, condition T5; 
0.23 cal/sq em/cm 


C/sec, condition T6 

Volume conductivity referred to standard copper. 24% 
condition T5; condition T6 
Electrical resistivity at 20C (68F). 66 microhm-cm 
condition T5; 7.3 microhm-cm, condition T6 ; 
Mechanical properties. 


Tensile 
ensile Yield Elonga- -—Hardness—, 
Strength, Strength, tion, Rock- 
Condition psi psi % Bhn‘» well 
Aged (TS) 23,000 16,000 1 
Solution treated - 
and aged (T6) 25,000 18,000 2 50 E 59 


(a) 02% offset. Compressive yield strength (02% offset) is approx- 


500-kg load, 10-mm ball 


Compressive yield strength (0.2% offset) is approx- 


imately the same as tensile yield strength. (b) 500-kg load, 10-mm ball. 


Mg -4.5 Zn -0.7 Zr (Cont.) 


L 2 Radiography. See page 1013, 1948 Metals Handbook. 
M Composition limits. 


Components: 3.6 to 5.5‘ Zn, 0.50% 
min Zr: impurities: 0.10% max Cu, 0.01% max Ni, 0.3% 
max others (total) 


N 1 Melting temperature. 560 to 635C (1040 to 1175 F) 


Mg - 3.4 Rare Earth - 0.4 Zr 


3 Alloying. 


6 Precautions in melting. 


15 Heat treatment. 
17 Joining. Rivet composition. 


2 Casting temperature. 750 to 820C (1380 to 1490 F) 

Add zinc as pure zinc; add zirconium as 
zirconium-containing salt or as magnesium-zirconlum 
master alloy. 

5 Type of flur. Magnesium melting flux 

See page 1013, 1948 Metals 

Handbook. Avoid contamination with aluminum. 

12 hr at 180C (355 F) 

Aluminum alloy 56S-H12. 

Inert-gas-shielded arc welding is difficult. 


M Composition limits. Components: 2.5 to 4%, rare earths, 


0.2% min Zr; impurities: 0.10% max Cu, 0.01‘, max Ni, 
0.3% max Zn, 0.3% max other elements (total) 


N 2 Casting temperature (sand). 649 to 843C (1200 to 
1550 F) 
3 Alloying. Add rare earth as mischmetal or as a 


Mg - 4.0 Rare Earth - 0.7 Zr 


& bho ~ 


an 


magnesium-rare earth hardener; add zirconium as 
magnesium-zirconium master alloy or as zirconlum- 
containing salt. 


5 Type of flux. Free from MgCl, 
6 Precautions in 


melting. Avoid contamination with 
aluminum; use enough flux to avoid preferential oxida- 
tion of rare earth metals. 


15 Heat treatment. 


Temperature, Time, 
Purpose Cc P hr Cooling 
Bolutiom 570 1060 max 18 Air 
Aging Seeknene 205 400 16 Air 


17 Joining. Rivet composition. Aluminum alloy 56S-H12. 


Inert-gas-shielded arc welding with filler rod of same 
composition as base metal 


All forms. Modulus of elasticity 6,500,000 psi 

Modulus of rigidity 2,400,000 psi 

Poisson's ratio 0.35 
Radiography. See page 1013, 1948 Metals Handbook. 
Composition limits. Components: 3.0 to 5.0% rare 
earths, 0.4 to 1.0% Zr; impurities: 0.10% max Cu, 0.01% 
max Ni, 0.3% max Zn, 0.3% max other impurities (total) 
Casting temperature. 649 to 843C (1200 to 1550 F) 
Alloying. Add rare earths as mischmetal or magne- 
sium -—rare earth hardener, zirconium as magnesium- 
zirconium alloy or as a zirconium-containing salt. 
Type of flux. Free from MgCl, 
Precautions in melting. See page 1014, 1948 Metals 
Handbook. Avoid contamination with aluminum; use 
enough flux to avoid preferential oxidation of rare 
earth metals. 


15 Heat treatment. 


Temperature, Time, 
Purpose Cc F hr Cooling 
Solution ...... . 570max 1060 max 18 Air 
AGing 205 400 16 Air 


17 Joining. Rivet composition. Aluminum alloy 56S-H12. 


Inert-gas-shielded arc welding with filler rod of same 
composition as base metal 


I 
A 
B | 
Cc 
A 
B 
Cc | 
K 
j ’ 


Mg - 3.0 Rare Earth - 2.5 Zn-0.6 Zr 


3 ASTM number. EZ33A, B80-53T ‘(sand cast) strength 14,500 psi; modulus of elasticity 6.500.000 psi; 
4 Government number. EZ33A, MIL-M-9433 (USAF) modulus of rigidity 2,500,000 psi; Poisson's ratio 0.3 
1 Typical uses. Pressure-tight sand castings free from L 2 Radiography. See page 1013, 1948 Metals Handbook. 


microporosity, with good combination of tensile strength, M 1 Composition limits. Components: 25 to 40° rare 
yield strength and elongation, both at room temperature earths, 2.0 to 4.0% Zn, 0.50% min Zr; impurities: 0.10% 
and elevated temperatures max Cu, 0.01% max Ni, 0.3°% max total other 
Density at 20C (68F). 183 g per cu cm (0.066 lb per WN 1 Melting temperature. 556 to 637C (1033 to 1178 F) 
cu in.) Casting temperature. 750 to 830C (1380 to 1525 PF) 
Liquidus temperature. 637C (1178 F) Alloying. Add rare earths as mischmetal or magne- 


~ 
~ 


wth 


2 Solidus temperature. 556C (1033 F) sium - rare earth hardener, zinc as pure zinc, zirconium 
6 Thermal expansion 20 to 100C (68 to 212 F). 0.0000268 as zirconium-containing salt or magnesium-zirconium 
per C master alloy. 


11 Specific heat at 20C (68F). 0.25 cal per g 5 Type of flux. Free from MgCl 
13 Latent heat of fusion. 89 cal per g 6 Precautions in melting. See page 1014, 1948 Handbook 
16 Thermal conductivity at 20C (68 F). Avoid contamination with aluminum; use sufficient flux 


0.24 cal sq cm 'cm/ C sec to avoid preferential oxidation of rare earth metals. 

E 2 Electrical resistivity at 20C (68F). 7.1 microhm-cm 15 Heat treatment. Aging, 420 F for 5 hr 

K 1 Mechanical properties (aged). Tensile strength 23,000 17 Joining. Rivet composition. Aluminum alloy 56S-H12 
psi; 0.2 yield strength 14,500 psi; elongation 3%; Inert-gas-shielded arc welding is used with filler rod of 
Brinell hardness number 54; 0.2°% compressive yield same composition as base metal. 


Mg-8.6 Al-0.7 Zn-0.15 Mn 


A 3 ASTM number. AZ91C, B80-51T ‘sand cast) and B93- L 2 Radiography. See page 1013, 1948 Metals Handbook 
52T (ingot) M Composition limits. Components: 8.1 to 9.3% Al, 04 to 
4 Government number. AZ91C, QQ-M-56 1.0% Zn, 013°) min Mn; impurities: max Si, 0.10% 
B 1 Typical uses. General sand casting alloy having good max Cu, 0.01% max Ni, 0.3°) max other elements (total) 
strength, pressure tightness and ductility 2 Consequences of exceeding impurity limits. Resistance 
C 1 Density at 20C (68F). 1.81 g per cu cm (0.066 lb per to corrosion decreases with increasing copper and nickel 
cu in.) content. More than 0.50’ Si increases brittleness. 
D 1 Liquidus temperature. 596C (1105 F) N 1 Melting temperature. 468 to 596 C (875 to 1105 F) 
2 Solidus temperature. 468C (875 F) ? Casting temperature. 732 to 843°C (1350 to 1550 F) 
3 Minimum “burning” (liquation) temperature. 420C 3 Alloying. Add aluminum as aluminum or Al-Mn alloy; 
(790 F) add zinc as zinc; add manganese as 95 Al-5 Mn. 
6 Thermal expansion at 40C (104 F). 0.000026 per C 5 Type of flux, Magnesium melting flux 
11 Specific heat at 25C (78F). 0.25 cal per g 6 Precautions in melting. See page 1013, 1948 Metal 
13 Latent heat of fusion. 89 cal per g Handbook 
16 Thermal conductivity 100 to 300 C (212 to 572 F). 15 Heat treatment. 


0.17 cal C sec Temperature Time 
E 1 Volume conductivity reterred to standard copper. 10.2% Purpose Cc r hr’ Cooling 
2 Electrical resistivity at 20C (68F). 17.0 microhm-cm : . 
K Mechanical properties. See Table I 
All forms. Modulus of elasticity 6,500,000 psi 
Modulus of rigidity 2,400,000 psi 17 Joining. Rivet composition. Aluminum alloy 56S-H12 
Poisson's ratio 0.35 Inert-gas-shielded arc welding is common using filler 
Machinability index (free-cutting brass = 100). 500 metal of same composition or alloy AZ92A 


Table I. Typical Mechanical Properties of AZ91C at Room Temperature 


Bearing 


Tensile 


Tensile Yield Elon- Brinell Shear Campressive Bearing Yield 
Strength, Strength, gation, Hardness Rock well Strength, Strength,'*' Strength, Strength," 
Condition psi psi Number"! Hardness psi psi psi psi 


P 24,000 14,000 E 62 18.000 14,000 50,000 30,000 

T4 40.000 14,000 11 55 E 66 18,400 14,000 50,000 36,000 

T6 40,000 19,000 4 73 E 83 21,000 19,000 65,000 45,000 
‘a’ 02 offset ‘b) 500-kg load, 10-mm ball. (ci 2% of hole diameter offset; 2'.-diam edge distance 


Properties of Magnesium and Magnesium Alloys 


AN INDEX TO THE PROPERTY DATA IN THE 1948 MeTALS HANDBOOK 


Magnesium (99.80 Mg) ............ .. 1013 Mg - 1.25 Al-1 Mn (die castings) 1019 
Mz -4 Al-0.2 Mn ‘sand castings) .... re 1014 Mg -1.5 Mn ‘cast and wrought) 1020 
Mg -8 Al-0.2 Mn (‘sand castings) .............. .. 1015 Mg -3 Al-1 Zn-0.3 Mn (wrought) ... 1021 
Mg 10 Al-0.1 Mn ‘cast and wrought) . Mg -5 Al-1 Zn-—0.25 Mn ‘sheet) ..... 1022 
Mg -6 Al-3 Zn-0.2 Mn (‘sand castings) .. 1017 Mg -6 Al-1 Zn-0.2 Mn (wrought) . 1022 
Mz -9 Al-—2 Zn-0.1 Mn (castings) . 1018 Mg -8.5 Al-0.5 Zn -0.15 Mn (wrought) 1023 
Mz -9 Al-0.7 Zn-0.2 Mn (‘die castings) .............. 1019 Mg-5 Sn-3 Al-05 Mn (forgings) .... errr 1024 
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Titanium and Titanium Alloys 


By the ASM Committee on Titanium 


COMMERCIAL production of tita- 
nium has risen steadily from 3 tons in 
1948 to 2250 tons in 1953. Plans for 
rapid expansion indicate a producing 
capacity greater than 20,000 tons by 
1956. ‘Titanium-bearing ores, particu- 
larly ilmenite, are readily available but 
the technical difficulties in recovering, 
melting and processing the metal are 
severe. These make titanium costly; 
however, the desirable strength-weight 
ratio in the temperature range from 
300 to 700F has justified use of the 
metal in airframes and aircraft en- 
gines, even at prices 30 to 40 times as 
great as for stainless steel. 

All commercial titanium is now pro- 
duced by the Kroll process—magnesium 
reduction of titanium tetrachloride. 
The titanium is recovered from the 
reaction mixture aS a spongy mass 
which, after crushing and sizing, forms 
the basic material for production of 
ingots. Rolling ingots to rod, sheet 
and other shapes requires equipment 
similar to that used for steel. 

General information on the chemis- 
try, economic position, political status 
and bibliography of titanium is avail- 
able, respectively, in the following re- 
cent references: 

Jelks Barksdale, “Titanium”, Ronald 

Press, New York, 1949, 590 pages 

“Titanium Metal and Its Future”, Har- 
vard Business School, Cambridge, Mass., 

1952, 103 pages 

The Technology of Titanium, ch 15, vol 

II and ch 6, vol IV, “Resources for Free- 

dom”, The President's Materials Policy 

Commission, Supt of Documents, Wash- 

ington, June 1952 


Battelle Memorial Inst, “Titanium Bib- 
liography, 1900 to 1951", PB 111,196, and 
1952 Supplement, PB 111,196-S,.U. S. Dept 
of Commerce, Office of Technical Serv- 
ices, Washington 
Progress in both the processing and 

physical metallurgy of titanium is be- 
ing made at a rapid rate. Current 
metallurgical literature should be con- 
sulted to supplement the more basic 
information given in the sections of 
this article which follow. 


Production of Ingots 


Molten titanium reacts with oxygen 
and nitrogen in air. In small fractions 
of 1%, these act as hardening addi- 
tions and in amounts over 0.5% O, or 
0.25°> N, they reduce ductility drasti- 
cally. Hydrogen is also an embrittling 
agent in titanium. Therefore, adequate 
protection must be provided against air 
and moisture in melting furnaces by 
vacuum technology or inert atmos- 
pheres of pure argon or helium. 

Molten titanium also reacts vigor- 
ously with or dissolves the refractories 
or metals which might be considered 
to contain it at its melting temperature 
of slightly over 3000 F. Carbon is dis- 
solved on short contact in amounts up 
to 1.0% and forms generally detrimen- 


This is a new subject for 
the ASM Metals Handbook 
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tal carbide inclusions in the _ solid 
metal. Oxygen contamination results 
from contact with oxide or silicate 
refractories. Therefore, the usual meth- 
ods of melting and casting are ruled 
out, and commercial practice has gen- 
erally adopted the principle of von 
Bolten of arc-melting in inert atmos- 
phere at near-atmospheric or greatly 
reduced pressure in a _ water-cooled 
metal container, usually of copper. 

Electrodes of tungsten or carbon, or 
consumable electrodes of titanium are 
used. Carbon or tungsten electrodes 
are subject to spalling and melting, 
particularly if spattered with titanium. 
Remelting with a consumable electrode 
is used in some practices to improve 
chemical homogeneity and decrease 
voids or inclusions. Some mill and 
customer scrap is being remelted in 
ingot production. 

Design and engineering problems 
have largely been overcome for the 
above operations; cylindrical titanium 
alloy ingots weighing up to 2 tons are 
now being produced commercially. 
Small castings have been made experi- 
mentally but not commercially. 


Production of Mill Forms 


Titanium ingots are cylindrical. Hot 
working temperatures are much lower 
than for steel; finishing temperatures 
must be more carefully controlled; 
working pressures are greater because 
of the lower temperatures; lighter 
drafts are taken; and surfaces are 
protected more carefully because scor- 
ings and scratches are more likely to 
persist and mar the final finish. 

Alpha-beta titanium alloys are sub- 
ject to excessive grain growth if heat- 
ed into the single-phase beta region, 
and transformation hardening and em- 
brittlement are likely if cooling from 
this region is not controlled properly. 
Hence, the alloys are usually worked 
in the alpha-beta temperature range. 
Hot rolling temperatures are 100 to 
200 F below those recommended for 


forging ‘(see next section), and finish- 
ing temperatures are between 1500 and 
1200 F, depending on the alloy. Rolling 
is followed by stabilizing at 1100 to 
1300 F. All-alpha alloys are forged by 
starting in the all-beta region and fin- 
ishing in the all-alpha region. Hot 
rolling is done in the all-alpha region 
at temperatures 200 to 300F higher 
than those used for alpha-beta alloys. 

Titanium and titanium alloys are 
not free-scaling under usual conditions 
of heating, and oxygen from the scale 
dissolves readily in the underlying 
metal. Excessive oxidation, which 
hardens and embrittles the surface, is 
avoided by working the metal at the 
lowest feasible temperatures and using 
short heating times. In this respect, 
temperature is more important than 
atmosphere control, and oxidizing, neu- 
tral and reducing atmospheres are all 
used. However, an oxidizing atmos- 
phere is recommended to minimize hy- 
drogen contamination when possible 
embrittlement is a factor. Surfaces 
are carefully conditioned at frequent 
intervals during rolling. 

Tubes and other shapes have been 
hot extruded experimentally using 
glass lubricants. Also, molybdenum 
sulfide and graphite lubricants have 
been used in experimental extrusion of 
titanium. In the cold drawing of tubes, 
simple shapes and wire, oxidized sur- 
faces (including anodized) and electro- 
plated coatings have been utilized in 
conjunction with heavy lubricants; 
such coatings should be removed care- 
fully before annealing, to prevent sur- 
face contamination. Cold drawing and 
rolling require frequent intermediate 
anneals at 1100 to 1500F. All-alpha 
alloys like Ti-5 Al-2.5 Sn are annealed 
at 1500F; aluminum-free alpha-beta 
alloys, at 1100 F; and unalloyed tita- 
nium at 1300 F. Vacuum annealing has 
been used successfully for wire and tub- 
ing, to minimize surface contamination. 


Forging 


To produce the same amount of 
metal flow in forging, about 30°) more 
power is required for titanium than for 
alloy steel. In making some small 
forgings such as compressor blades, 
hammers of 60% higher rating may be 
needed. 

Because titanium does not fill die 
contours so readily as alloy steel, stain- 
less steel or aluminum, the impression 
dies for forging titanium must have 
larger radii and fillets. For intricate 
drop forgings, more die stages are usu- 
ally needed for titanium than for steel 

Shrinkage allowance in die sinking 
is 0.100 in. per ft, compared with 0.187 
for dies to forge steel. The working 
surfaces of the die should be well pol- 
ished to facilitate the flow of metal: 
graphite and oil lubricants may prove 
helpful also. 

Titanium forging stock must be free 
from surface and internal defects 
billets should be rough machined; bar 
stock, turned or centerless ground. 
During heating for forging, the surface 
should be protected by a _ furnace 
atmosphere that is neutral or only 
slightly oxidizing; the furnace hearth 
should be kept free from loose scale: 
and direct impingement of the flame 
on the work should be avoided. Muffle- 
type gas-fired furnaces or electric fur- 
naces are recommended. 

Most large finished forgings are sta- 
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bilized by annealing at 1100 to 1300F 
for periods up to 24 hr and then cool- 
ing in air. Cracks or seams should be 
removed by grinding the metal while 
it is warm (up to about 900F), and 
the forging should be stress relieved 
immediately thereafter. 

The following heating practices have 
given satisfactory results: 

Unalloyed Titanium. Forging range 
should be from 1600 to 1750F with a 
finishing temperature of 1450 F. Billets 
over 6 in. thick should be preheated at 
1400 F to minimize scaling in the high- 
temperature furnace. A heating rate 
of 15 min per in. of section is satis- 
factory. 

Alpha-Beta Alloys. The forging range 
extends to 1850F. Billets less than 8 
in. thick for upset forgings should not 
be forged above 1650 F; larger sections 
can be forged up to 1750 F. Finishing 
temperatures should be between 1500 
and 1400 F. The alloy with 4 to 5% Al 
should be forged from 1850 and finished 
between 1600 and 1500F. Reductions 
of 50°. or more per furnace heating 
are common for the alpha-beta alloy 
without aluminum; the alloy contain- 
ing aluminum is more difficult to work 
at any temperature but it can be forged 
satisfactorily at higher temperatures. 

All-Alpha Alloy. The better oxidation 
resistance of the all-alpha alloy per- 
mits the use of higher forging temper- 
atures; 2000 to 2100F is the normal 
top. At these higher temperatures, less 
power is needed to forge this alloy 
than is required for the alpha-beta 
alloys at the lower temperatures normal 
for those alloys. 

Cleaning. Titanium forgings should 
be pickled, or cleaned by abrasion (see 
page 83). Otherwise, machining is 
more difficult and a decreased fatigue 
life results from the hard brittle skin. 


Forming of Sheet 


The formability of titanium is influ- 
enced principally by: (1) high yield 
strength, (2) low ductility at room 
temperature, (3) sensitivity to rate of 
strain, (4) directional effects (anisot- 
ropy), (5) low ratio of uniform strain 
to necking strain ‘about half that of 
annealed stainless steel), and (6) notch 
sensitivity. 

In forming, annealed unalloyed tita- 
nium behaves about like ',-hard 18-8 
Stainless steel; the presently available 
titanium alloys, in the annealed con- 
dition, are similar to ‘s-hard 18-8. 
Only with great difficulty can work 
hardened titanium be formed by con- 
ventional methods. The use of suitable 
alloys rather than work hardened 
grades is suggested, for maximum form- 
ability at a given strength level. 

General Considerations. Titanium is 
sensitive to rates of forming, and slow 
rates are preferred for maximum form- 
ability. The springback resulting from 
forming unalloyed titanium (70,000 
psi yield strength) is approximately 
equal to that for ‘-hard 18-8. In 
alloy titanium the springback is about 
25°) greater than with ‘'s-hard 18-8 

Hot forming is used in producing 
smaller bend radii, increased elongation 
and less springback. Any degree of 


heating is beneficial; the blanks are 
commonly heated to between 500 and 
600 F, for unalloyed titanium, or 800 to 
1000 F for titanium alloys. Higher tem- 
peratures, within the ranges mentioned, 
are preferred for the more difficult 
forming jobs, but uniformity of heat- 


ing is as important as a particular 
temperature level. Such heating of 
alloys should not be prolonged un- 
necessarily because of danger of sur- 
face contamination by oxygen. Use 
hand torches cautiously because of the 
difficulty of maintaining uniform tem- 
peratures and the danger of overheat- 
ing and consequent embrittlement. 
Where feasible, heated dies are de- 
sirable to avoid chilling of the hot 
blanks, particularly with thin sheet. 

Formed titanium parts, especially 
alloy parts, m&y crack from residual 
stresses. Stress relieving between 700 
and 1050 F for about 30 min is recom- 
mended after moderate or severe form- 
ing operations. 

The removal of scale after hot form- 
ing or stress relieving may be required, 
depending on the application or sub- 
sequent operations such as spot weld- 
ing, which requires a clean surface. 
Descaling also facilitates inspection 

Metal Preparation. Titanium blanks 
may be prepared for forming by shear- 
ing, sawing, nibbling or blanking. Ma- 
terial up to 0.187 in. thick has been 
sheared on flat bed shears rated for 
7-0 gage mild steel. Edge cracking in 
the plane of the sheet can be mini- 
mized by sharp shear blades, close tol- 
erance between blade and bed, and by 
hot shearing. Nibbling is satisfactory 
for unalloyed titanium but leaves an 
irregular edge which usually requires 
an additional smoothing operation. 
Blanking dies have been used satisfac- 
torily on material up to 0.071 in. thick. 

Because of the apparent notch sen- 
sitivity of titanium, careful attention 
must be given to the edge condition of 
blanks before forming. Deburring is a 
minimum requirement; on the more 
difficult forming operations, filing or 
polishing cut edges may be necessary. 

Bending. Depending on the type of 
equipment (V-block and V-punch, 
wrap bend, or power brake) bend radii 
as shown in Table I may be used on 
sheet 0.020 to 0.125 in. thick 

Most production bending has been 


work are more troublesome with tita- 
nium than with stainless steels. As a 
general-purpose die material, high- 
earbon high-chromium air-hardening 
tool steel «Type Al) is recommended 
Bronze and beryllium copper inserts 
or weld deposits at wear points on the 
die have been used to reduce galling. 
Another method of reducing galling is 
to sandwich the titanium between 
sheets of another material such as 1010 
steel or aluminum. 

Lubricants are mandatory. Molyb- 
denum sulfide, waxes and phosphate 
coatings are preferred to greases and 
other petroleum lubricants, particu- 
larly for hot forming. 

Ratios of depth to diameter as high 
as 0.66 have been attained on very thin 
(0.016-in.) unalloyed titanium sheet, to 
form cylindrical cups in a single oper- 
ation at room temperature. Tempera- 
tures of 600 to 1000 F in drawing oper- 
ations have proved successful. How- 
ever, deeper draws can be achieved 
with multiple-stage dies and interme- 
diate annealing in a muffle furnace 
with air atmosphere, at 1050F for 20 
to 30 min 

Hydroform-type machines which pro- 
duce controllable, high, uniform unit 
pressures are especially adaptable to 
drawing titanium. Very successful re- 
sults have been obtained with such 
equipment at room temperature to pro- 
duce a wide variety of shapes. A fur- 
ther advantage is that lubrication is 
not such a crucial factor. A disadvan- 
tage is that the platen or working 
area is small in comparison with the 
over-all size of the press 

Stretch Forming. Stretch-wrap form- 
ing has shown a definite advantage 
over other methods because it avoids 
compression wrinkles. A further ad- 
vantage is the elimination of expen- 
sive matched-die tooling. 

Stretch forming is by far the best 
method of making double-curved parts 
such as airplane fuselage skins. It is 
also frequently used on curved angles 


Table I. Radii for 105° Bends, in Terms of Thickness, ¢ 


Titanium 


Unalloyed (50,000 psi yield strength) 
Unalloyed (70,000 psi yield strength) 
Ti-8 Mn (110,000 psi yield strength) 


Caution is necessary in extrapolating the 


Thickness of Sheet 
0.020 to 0.070 in 0.070 to 0.125 in 


1, to 21 1 to 
to 3t 2to4t 
2to0 4! 3 to 5t 


results of bend tests on specimens 1 to 2 in 


wide to brake bends of 1 ft or longer, which may require an extra allowance of ‘2 or If 


done on ordinary power brakes, using 
conventional male punch and female 
channe! dies. A nominal channel width 
is 4R + 2t (where R — bend or punch 
radius and t — sheet thickness). 

Directional effects are pronounced 
When the axis of bend is parallel to 
the direction of rolling, radii toward 
the high side of those in Table I may 
be expected. When the bend axis is 
perpendicular to the rolling direction, 
radii on the low side of the tabulated 
ranges can be attained 

Blanks have been heated between 
500 and 1000 F for brake forming, par- 
ticularly on long bends and thicker 
material 

Drawing. The rate of forming is im- 
portant in drawing operations; hy- 
draulic presses with a slow rate of 
forming have proved superior to me- 
chanical crank-type presses 

Die wear and galling of the die and 


and channels, which are first bent on 
a power brake and then stretched to 
contour. Annealing at 1050F for 20 
to 30 min between brake forming and 
stretching, and between successive 
stages of stretching on some parts, ha: 
been used to good advantage 

The narrow spread between yield and 
tensile strengths of titanium may cause 
difficulty but when the forming pres- 
sures are properly controlled, titanium 
stretches satisfactorily. Filing or pol- 
ishing of cut edges is necessary before 
stretch forming because of notch sen- 
sitivity of the metal 

Most stretch forming has been done 
at room temperature. Both resistance 
and conduction heating have been used 
at 500 to 1000 F, with encouraging re- 
sults, although necking caused by un- 
even heating is a problem 

Drop Hammer Forming. For complex 
contoured sheet metal parts, drop ham- 
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mer forming is the most widely used 
method. Heated blanks are essential— 
metal temperatures of 500 to 1000F 
are recommended. Heated dies, though 
difficult to use, are desirable, to pre- 
vent chilling of the hot blanks. An- 
nealing, as described under Drawing, 
may be used to advantage on some 
parts. 

Zine alloy dies are acceptable for hot 
forming a limited number of parts. 
Die materials more resistant to wear, 
brinelling, and the forming tempera- 
ture are needed for larger production 
quantities; gray iron, nodular iron and 
steel have been used successfully. 

Forming in Rubber. The Guerin (rub- 
ber pad) method of forming on hy- 
draulic presses is useful for simple 
forming of light gage parts. Unit pres- 
sures of 1400 to 8700 psi are being em- 
ployed, with better results at the higher 
pressures. Both zine alloy and steel 
dies have been used successfully. 

Limitations are encountered in the 
formation of convex (shrink) flanges 
because of compression wrinkles. Aux- 
iliary equipment such as wedges, clips 
and draw rings helps to overcome these 
limitations and increases the versatil- 
ity of the process. 

Temperatures of 500 to 1000 F are use- 
ful in this method, primarily through 
lowering the yield strength and in- 
creasing the ductility of the work. 
Steel dies and heat-resistant rubber 
pads should be employed; additional 
protection may be obtained by sprin- 
kling powdered asbestos over the hot 
blank. 

Dimpling. Both alloyed and un- 
alloyed titanium have been dimpled in 
gages up to 0.065 in. on ram-coin dim- 
pling machines, using dies heated to 
750 F. In addition to the normal time 
delay while the machine is building up 
pressure, a dwell time of 2 sec is uti- 
lized to provide sufficient heat in the 
sheet prior to dimpling. Close inspec- 
tion is necessary to reveal fine, irregu- 
lar, circumferential cracks. 

Joggling. Joggling is the offsetting of 
a small portion of a metal part (an 
angle oy a flange, for example) so that 
the joggled section will clear adjoining 
parts or will fit flush with another 
part attached by a lap joint. Titanium 
and titanium alloys can be joggled 
readily at room temperature. Ratios 
of joggle runout to depth (ratio of 
length to offset) can be obtained which 
compare favorably with the ratio (8 to 
1) normally used for ‘'s-hard 18-8 
Stainless steel. Lower ratios (4 or 5 
to 1) can be obtained by heating the 
dies or parts or both. 


Machining and Grinding 


Alloy titanium is difficult to machine 
because: (1) titamium carbides, when 
present, are harder than the carbides 
in the cutting tool; (2) titanium glazes 
and smears on a cutting tool, resulting 
in immediate tool breakdown; (3) the 
low volumetric specific heat and ther- 
mal conductivity of titanium cause ex- 
cessive heating at the tool-chip inter- 
face, resulting in rapid deterioration of 
the cutting edge; (4) the low modulus 
of elasticity necessitates back-up bars 
or special fixtures if proper tolerances 
and the desired surface finish are to 
be obtained; and (5) abrasive oxides 
form on titanium when it is heated in 
air, and by diffusion a hard zone may 
be produced beneath the scale. 
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Satisfactory machining practices are 
as follows: 

Single-Point Turning. Recommenda- 
tions given in Table II are based on 
the lathe turning of bar stock and 
lathe and boring-mill turning of forged 
disks and rings. The data for rough 
turning relate to removal of scale from 
ingots and forgings. Highly abrasive 
scale and oxygen contamination to 
considerable depth create extremely 
difficult machining problems. 

Drilling. Drills of type T4 high speed 
steel should have a point angle of 118 
deg, clearance of 10 to 15 deg, and 
Spiral of 28 to 35 deg. For drilling 
holes up to %-in. diam, speeds of 12 
to 15 fpm are recommended; for holes 
from ‘4 to 's-in. diam, speeds of 15 to 
25 fpm and feeds of 0.005 to 0.008 in. 
per rev are satisfactory. Chlorinated 
wax-type oils and concentrated water- 
soluble oils are satisfactory lubricants. 

Reaming. Standard carbide-tipped 
reamers have proved satisfactory in 
production operations at speeds of 40 
to 200 fpm and feeds of 0.005 to 0.008 
ipr. Spiral flutes give a good finish. 

Tapping. Spiral-pointed three-flute 
taps are satisfactory when operated at 
12 to 15 fpm with a highly chlorinated 
wax-type oil. 

Broaching. The cost of broaching is 
high because inserts of either carbide 
or high-vanadium high-cobalt high 


speed steel are required. Each tooth 
should carry a chip load of 0.002 to 
0.006 in. Chip breakers should not be 
used; they increase the cost of broach 
maintenance greatly. Clearances of 1 
to 2 deg are normal. 

Milling. High speed steel cutters hav- 
ing 0 deg rake, 0.010 to 0.015 in. land, 
3 deg relief are being used successfully. 
Carbide-insert cutters with 10 deg axial 
rake, 0 deg radial rake and each tooth 
set 3/32 in. ahead of the center line 
show excellent life. A tooth load of 
0.005 in., downfeed from 0.025 to 0.050 
in. and surface speed of 53 fpm give 
good tool life. Sulfurized oils and 
water-soluble oils have been used. 

Sawing. Titanium can be cut satis- 
factorily on conventional power hack 
saws if the blade is not allowed to ride 
the work and if fairly heavy pressures 
are used. On friction-feed saws, a 
high speed steel blade with six teeth 
per inch is satisfactory with a feed of 
0.015 in. With a positive hydraulic 
feed of 0.009 to 0.012 in., blades having 
two to four teeth per inch and rounded 
gullets have given most satisfactory 
results. A flood of standard cutting 
oil is a good coolant. 

Grinding. Speeds lower than on steel 
give grinding ratios about the same as 
those obtained in grinding high speed 
steel. When grinding at low speeds 
‘about 1600 fpm) aluminum oxide 
wheels with coarse grain size (60) and 
medium hardness (M) give good re- 
sults in conjunction with a _ water- 
soluble coolant of the sodium nitrate- 
amine type in 10 to 1 ratio. In plunge 
grinding of titanium at 6000 fpm, a 
silicon carbide wheel of medium grain 
size and high hardness ‘P) with the 
same coolant has been satisfactory. 
Soluble oils are applicable. Straight 
grinding oils can be used but there is 
a fire hazard at high grinding speeds. 


Welding 


Titanium and some titanium alloys 
can be joined by inert-gas-shielded arc 
welding and resistance welding. Oxy- 
acetylene and metal-arc welding with 
coated electrodes are impractical. 

Unalloyed titanium and the higher- 
strength all-alpha alloys generally 
produce welds with nearly the same 
strength and ductility as the base 
metal; this is true of both the Ti-Al 
and Ti-Al-Sn alloys. The alpha-beta 
alloys containing less than 3°% of beta- 
stabilizing elements also generally pro- 
duce ductile welds. As alloy content 
increases in alpha-beta alloys, the 
welds are less ductile because of the 
transformation of beta on _ cooling. 
Ductility can usually be improved by 
post-weld heat treatment. 


Table Il. Recommendations for Turning Titanium 


Finish 
——Rough Turning, Turning. 
Unalloyed ——, Forged Unalloyed 
Titanium Alloy‘ Titanium'’” 
Min feed, in. per rev .......... 0.040 0.015 0.012 0.008 
DO Qcavaheesanacuue tua 20 to 30 40 to 65 30 to 65 150 to 350 
Side cutting edge angle, deg 15 to 20 15 to 20 30 to 45 10 to 20 
Side rake angle, deg .......... 8 4 6 4to6 
End relief angle, deg .......... 7to8 7to8 10 to 12 6 


Min nose radius, in. ...... 
Coolant 


2 32 a3 1% 
hcvenvatideneene Water-soluble coolants should be used in 10 to 1 ratio 
(a) Alloy of 140,000 psi tensile strength 


(b) Forged alloy same except speed 65 to 


150 fpm and side cutting edge angle 30 to 45 deg. (c) High speed steel of high vanadium 


or high cobalt content or both 


? 


Table HI. 


Tungsten Electrode 


Electrode 


Shielding gas Argon or helium 


Travel speed 4 to 25 in. per min 


Welding current 


jase-metal thickness 


Type of joint 


to in 


single vee, 


Inert-Gas-Shielded Arc Welding. Ti- 
tanlum must be protected from oxygen 
and nitrogen while being welded. Pro- 
cedures have been developed for man- 
ual and automatic welding, both with 
tungsten and consumable _ electrodes 
(Table III). A water-cooled copper 
back-up may provide some protection 
but an inert-gas-shield back-up is usu- 
ally necessary. A trailing shield to 
provide an inert cover over the hot 
weld area is recommended, particularly 
when welding at high travel speeds 
with a consumable electrode 

Spot and Seam Welding. Satisfactory 
spot and seam welds can be made in 
unalloved titanium, the higher-strength 
all-alpha alloys and the _ low-alloy 
alpha-beta alloys, using standard 
equipment and procedures ‘Table IV) 
Because of the short welding time and 
the proximity of the sheets being 
welded, an inert atmosphere is un- 
necessary. Clean, as-rolled titanium 
welds readily. Annealing scale and hot 
forming oxides must be removed. 
Under most conditions high-strength 
welds with moderate ductility can be 
obtained. A ductility ratio ‘tensile to 
shear strength) of 0.25 to 0.40 can be 
expected with unalloyed titanium. 
Lower ratios are obtained with tita- 
nium alloys 

Flash Welding. Ductile flash welds 
can be made without shielding in the 
weldable alloys but when made in an 
inert atmosphere they have somewhat 
higher ductility. 
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Heat Treating 


The only heat treatments now com- 
mercially feasible for titanium are the 
stabilizing of torged parts at 1100 to 
1300 F and the stress relieving of ma- 
chined units and formed sheet metal 
articles between 700 and 1050F. Full 
softening of alloyed and _ unalloyed 
sheet requires an anneal at about 1100 
to 1300 F. Titanium alloys are usually 
shipped from the mills in the stabilized 
condition. 


. Tungsten, 4, to 4 in. diam 
15 to 35 cu 
ft per hr (adjusted to give 
shiny weld-metal surface) 


to ', in., square 
to ', in., sin- 
gle or double vee 


Typical Data for Inert-Gas-Shielded Arc Welding of Titanium 


Consumable Electrode 


Bare titanium wire, & in. 
diam 

Argon-helium mixture, 60 to 
100 cu ft per hr, 30 argon, 
70 helium, trailing shield, 
30 to 100 cu ft per hr 

10 to 20 in. per min 


D-c electrode negative, 100 to D-c electrode positive, 300 
150 amp at 18 to 26 are volts 


to 450 amp at 30 to 35 are 
volts 

to in 

butt or Single or double vee, 70 to 
90 deg included angle. sin- 
gle or multi-layer welds 


Unalloyed titanium and alpha alloys 
are not significantly strengthened by 
heat treatment Alpha-beta alloys 
quenched from above about 1300F re- 
tain some beta which subsequently can 
be transformed partially to alpha by 
aging at 750 to 1000 F, with a resulting 
increase in hardness. If the solution 
and aging conditions are proper, ex- 
cellent combinations of properties, with 
adequate stability, may be achieved 
However, specific recommendations 
cannot be made until more informa- 
tion is available on the use of these 
heat treatments in practice. 


Cleaning and Finishing 


Light, adherent scale formed on tita- 
nium in air below 1300F can be re- 
moved by acid solutions such as: 47° 
HNO,-2% HF; 10% HNO,-2% HF: 
10% HF; 3% HCl-2% HF; and 10 to 
15% H,SO,. 

The solution mentioned first is pre- 
ferred because it dissolves less metal 
and is less likely to cause hydrogen 
embrittlement. The following condi- 
tions are recommended: 

HNO, 47 + 2% 
HF 2+ %% 
H.O Rem 

10 to 20 min at 80 + 10F 


Comparing the various pickling solu- 
tions, those containing the least HNO, 
offer the greatest danger of hydrogen 
embrittlement. 

Heavy scale formed at temperatures 
above 1300 F is removed best by molten 
sodium hydride salt baths at 700F 
Bath temperature must be controlled 
carefully because titanium reacts vio- 
lently with molten salt baths at tem- 
peratures above 1000 F. Molten caustic 
soda plus inhibitors can also be used 
The use of the bath without inhibitors 
is not recommended because of the 
danger of violent reaction at the tem- 
peratures necessary for operation 

Hot fluoboric acid solutions (5% at 
170 to 200F) will also remove heavy 
scale but may remove too much tita- 
nium metal as well 

Abrasive cleaning is usually re- 
stricted to forgings, bars and heavy 
plate. Shot and grit may be embedded 
in soft unalloyed titanium, and subse- 


quent salt bath or acid pickling is 
recommended to remove such particles, 
lest they cause surface defects. Wire 
brushing should also be done with 
caution to prevent iron pickup. 
Surface hardening with oxygen, ni- 
trogen or carbon, or combinations of 
these, and by cyaniding, anodizing, 
chemical coating, or electroplating with 
other metals, are often suggested to 
decrease seizing and galling of tita- 
nium surfaces subject to frictional 
loads. All of these methods are in the 
development stage. The three men- 
tioned last seem to be the most prom- 
ising and practical at this time. Chro- 
mium plating has been successful on a 
small scale. Chemical coatings and 
anodizing have been reported to aid 
paint adhesion and to serve as a base 
for lubricants in drawing and forming. 


Corrosion Resistance 


Titanium has outstanding resistance 
to natural environments and to many 
chemicals. This resistance is usually 
attributed to a protective oxide or ad- 
sorbed-oxygen film and, in general, is 
enhanced by oxidizing agents. Where 
attack is observed, corrosion is uniform 
and generally little or no evidence of 
pitting or other form of localized attack 
is found. Commercial grades of the 
metal have been tested successfully in 
a variety of chemical, pharmaceutical, 
food processing and marine applica- 
tions where high resistance is required 

The following paragraphs summarize 
the effects of the more important en- 
vironments on unalloyed commercial 
titanium, as indicated by results of 
laboratory tests. 

Chloride and Hypochlorite Salts. Un- 
alloyed titanium has excellent resist- 
ance to cold and hot chloride solutions 
of all concentrations; only one excep- 
tion is known—hot concentrated solu- 
tions of aluminum chloride. Corrosion 
rates of less than 0.15 mpy ‘(mils pene- 
tration per year) were reported for 
boiling solutions of the very corrosive 
cupric and ferric chlorides and sodium 
and calcium hypochlorites. Negligible 
attack and no evidence of stress cor- 
rosion was observed on highly stressed 
titanium exposed to boiling solutions 
of cupric, ferric, magnesium, mercuric, 
mercurous, nickel, silver, sodium and 
zine chlorides. 

Chlorine Gas, Except for slight stain- 
ing, massive titanium appears to be 
completely immune to chlorine gas 
containing more than 0.013‘. by weight 
of water. However, titanium chips may 
ignite in chlorine containing less than 
0.005% water 

Chromic Acid. Hot solutions of chro- 
mic acid have little effect on titanium 
The maximum corrosion rate was 18 
mpy in a 36.5% acid at 194 F. 

Hydrochloric Acid. Titanium dissolves 
slowly in dilute HCl solutions at mod- 
erate temperatures. Rates of nil to 42 
mpy were observed in hot or concen- 
trated solutions. The metal is made 
passive in HCl by traces of oxidizing 


Table IV. Spotweld Data for Unalloyed Titanium 


Sheet Weld Weld Weld Shear Nugget 
Thickness, Force, Time Current, Strength, Diameter, 
in. Ib Cycles amp Ib per spot in 
0.020 300 3 3000 to 6000 700 to 1000 008 to 0.12 
0032 . 500 5 4000 to 7000 1300 to 1600 010 to 0.16 
0.040 600 6 5000 to 9000 1600 to 2000 0.12 to 6.20 

6000 to 11,000 01510 0.90 


0.064 1000 10 


2600 to 3200 
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agents such as dissolved oxygen, HNO.,, 
potassium dichromate and ferric and 
cupric chlorides. For example, 02 g 
per liter of copper (as cupric chloride) 
was found to inhibit corrosion in a 37% 
solution, and a solution of 1% HNO, 
and 20% HCl gave a corrosion rate of 
only 0.14 mpy at 95 F. 

Hydrofluoric Acid. ‘Titanium is at- 
tacked by all concentrations of HF. 
Unlike corrosion in other mineral acids, 
HF corrosion is not inhibited by oxi- 
dizing agents. 

Hydrogen Peroxide. Except for slight 
Staining, titanium appears to be un- 
affected by 3 and 6% H.O,. Tests ina 
30% solution yielded rates of less than 
5 mpy but tests in sealed tubes gave 
rates less than 1 mpy 

Hydroxides, Boiling solutions of 20% 
NH,OH and 10% NaOH and KOH had 
a negligible effect on titanium. A 40% 
solution of NaOH at 176 F gave a rate 
of 5 mpy. 

Nitric Acid. Nitric acid in all concen- 
trations, including 98°, has a negligi- 
ble effect on titanium at moderate tem- 
peratures, and the metal has very good 
resistance to all hot solutions. For 
example, rates under 5 mpy have been 
reported for boiling 65% acid and for 
this acid under equilibrium pressures 
up to 330 F. 

Hot red and white fuming nitric 
acid attack titanium at a negligible 
rate. The highest rate observed was 
0.26 mpy in a boiling mixture of the 
red and white acids. However, highly 
Stressed titanium suffers from stress 
corrosion in the red acid. In this 
solution cracking can be inhibited by 
a 1% addition of sodium bromide. 


CAUTION: Titanium and tita- 
nium alloys are not recommended 
for use in fuming nitric acid. 
Several unexplained explosions 
have occurred with stressed un- 
alloyed titanium and with a tita- 
nium-manganese alloy when test 
specimens were immersed in red 
fuming nitric acid for extended 
periods. 


Phosphoric Acid, Titanium corrodes 
at less than 2 mpy in aerated solutions 
of 30% phosphoric acid at room tem- 
perature; the rate increases to about 
30 mpy in the 85% acid. The rate of 
attack is increased with temperature 
but corrosion can be partially inhibited 
by oxidizing agents, as chromic acid. 

Sulfur and Sulfur Compounds. Water 
Saturated with H.S or SO, has no no- 
ticeable effect on titanium. The metal 
acquires a thin blue film but loses no 
weight during prolonged immersion in 
molten sulfur at 465 F. 

Sulfuric Acid. Titanium has good re- 
sistance to H,SO, solutions up to 5% 
at 95F and*1% solutions at 185F but 
attack is rapid at higher temperatures 
and concentrations. Corrosion in 
H,SO, is also inhibited by the presence 
of oxidizing agents. For example, 1% 
HNO, added to concentrated H.SO, at 
95 F reduced the corrosion rate from 
216 to 10.6 mpy, and a 50° H,SO, solu- 
tion containing from ‘2 to 3% HNO, 
at 120 to 140F gave rates of 2 mpy. 
The resistance to H,SO, solutions up 
to 55° is greatly improved by anodiz- 
ing; for example anodizing decreased 
the rate of attack from 237 to 0.64 mpy 
in a 39% solution at 95 F. 
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Organic Chemicals and Food Products. 
Unalloyed titanium has excellent resist- 
ance to many organic acids, including 
hot solutions of acetic, citric, chloro- 
acetic, dichloro-acetic, lactic, tannic, 
stearic, tartaric and aerated formic 
acids of high and low concentrations. 
However, hot nonaerated solutions of 25 
and 50% formic, 100% trichloro-acetic 
and all concentrations of oxalic acid at- 
tack the metal. Titanium seems to be 
completely unaffected by chlorinated 
hydrocarbons and by the common fruit 
and vegetable juices. The metal is being 
used successfully in equipment for the 
synthesis of urea. 

Sea Water and Other Natural Envi- 
ronments. Unalloyed titanium exposed 
to industrial, rural and marine atmos- 
pheres for five years retained its origi- 
nal luster and appeared to be com- 
pletely unaffected. Tarnishing occurs 
at elevated temperatures but this is not 
a problem within the temperature range 
in which the mechanical properties of 
the metal permit its use. 

Exposures up to five years in sea air 
and sea water under all the test con- 
ditions available at the Inco Harbor 
Island and Kure Beach Test Stations 
had no significant effect on titanium. 
No evidence of stress corrosion, corro- 
sion fatigue, galvanic corrosion, pitting, 
crevice corrosion, erosion corrosion or 
any other form of attack was observed. 
For example. titanium with a 105,000 
psi yield strength at 0.2% offset stat- 
ically loaded to 80,000 psi is still under 
test after five years with no sign of 
failure. The metal has the same fa- 
tigue limit of 60,000 psi in air and sea 
water. 

The galvanic effect of titanium cou- 
pled to common structural materials is 
about the same as that of 18-8 stainless 
steel. In all tests the effect on titanium 
is negligible. Depending on the other 
material in the couple, varying effects 
may be obtained. In particular, alumi- 
num and magnesium may be severely 
corroded unless they are adequately 
protected, as by organic coatings; pref- 
erably, they should be electrically insu- 
lated from the titanium. 


Metallography 


Titanium has a greater tendency 
than most metals to drag or bind dur- 
ing cutting. In the preparation of 
metallographic specimens, the surface 
must be fine-cut with little or no 
smearing of the metal by the cutting 
edge. Silicon carbide is the most satis- 
factory cut-off wheel. To avoid over- 
heating and distortion, the specimen 
should be flooded under a constant 
stream of water. 

Grinding. Silicon carbide abrasive is 
superior to the more commonly used 
emery. Grades 240, 400 and 600 are rec- 
ommended. Papers or belts should be 


lubricated with water or oil to facili- 
tate cutting and prevent overheating. 
A small belt grinder with a lubricant 
recirculating system is very satisfactory 
for grades 240 and 400. Fine grinding 
on 600 paper is done by hand with the 
paper resting on glass and moistened 
with water. 

Polishing Procedure 1. Polishing of a 
carefully ground surface presents little 
difficulty. Four short steps on cloth- 
covered slowly rotating laps are recom- 
mended: 

1 45 to 60 sec using 8 to 20 micron dia- 
mond dust compound on an airplane- 
wing cloth (or a fine cotton broad- 
cloth) 

2 45 sec using 8 to 20 micron diamond 
dust compound on Gamal cloth 

3 45 sec using 0 to 2 micron diamond 
dust compound on Gamal cloth 

4 60 sec using 0.3 micron aluminum ox- 
ide on Gamal cloth 


If fine scratches persist, a fifth step 
using 0.1 micron aluminum oxide on 
Gamal cloth for 60 sec may be neces- 
sary. Repolishing on the last cloth is 
usual after etching. For unalloyed tita- 
nium, which has a greater tendency to 
flow, more than one such repolish may 
be necessary. 

Polishing Procedure 2. The following 
procedure may be used with success if 
it is not desired to use diamond dust 
as a polishing medium: 

1 Coarse polish on revolving lap cov- 

ered with airplane-wing cloth using 
03 micron aluminum oxide as the 
abrasive 

2 Final polish with 0.1 micron alumi- 

num oxide on Gamal cloth 


Water with a small amount of liquid 
soap may be used as a lubricant. A 
few drops of a 5% solution of oxalic 
acid in water may be added during the 
final polish to help prevent surface 
flow. As pointed out in Procedure 1, a 
second final polish after etching may 
be necessary to remove flowed metal. 

Procedure 2 is usually satisfactory 
for titanium alloys while Procedure 1 
is more satisfactory for the softer un- 
alloyed commercial titanium on which 
flowed metal is more easily produced. 

Electropolishing. Electropolishing with 
a perchloric acid and acetic anhydride 
electrolyte has been used successfully. 
Typical compositions are given by P. 
Jacquet in Metal Treatment and Drop 
Forging, April 1951, p 176. 

The following electrolyte, which is 
nonexplosive, is recommended: 

90 ml ethyl alcohol (absolute or No. 30 

denatured) 

10 ml n-buty! alcohol 

6galuminum chloride (exothermic so- 

lution, add slowly) 

25 g zine chloride 


The salts are dissolved in the alcohol 
in the order given; the solution must 
be cooled during mixing, since consid- 
erable heat is evolved. The solution is 


Table V. Etching Reagents for Titanium and Titanium Alloys 


Concentration 


HF (48°, ) 
Glycerol 


1 part by vol 

1 part by vol 

HF (48° )—2 ml 

Water—98 ml 

HF (48°. )}—1 part by vol 
HNOs (conc)-—-1 part by vol 
Glycerol—2 parts by vol 
HF (48°: )—1 ml 

HNOs (conc)—12 ml 
Water—87 ml 


Alpha and 


Darkens alpha but not beta 


Darkens alpha but not beta 


nitric acid 
and removes residue 

Etches alpha and beta light; 
nitric acid brightens surface 


Use Procedure 


Swab or immerse 
1 to 10 sec 

Swab or immerse 
5 to 25 sec 

beta both light; 
brightens surface 


Swab or immerse 
1 to 10 sec 


Swab or immerse 
10 to 30 sec 


| 


== 


Fig. 1. 


mended Metallographic Procedures ( 


mercial unalloyed titanium of intermediate hydrogen 
content, annealed at 1300F, air cooled, precipitate of 


stable for about one week. Electro- 
polishing conditions are as follows: 30 
to 60 volts dc; 1 to 5 amp per sq in. of 
anode (the specimen); stainless steel 
or other suitable cathode; 1 to 6 min; 
75 to 85 F; solution agitated. 

The following electrolyte has also been 
used successfully, but is less attractive 
because it heats rapidly during polish- 
ing: 80 ml glycerine; 5 g barium fluo- 
ride; 5ml cone H.SO,; 2amp per sq in.; 
90 volts; 1 to 2 min 

Etching. The majority of the com- 
monly used chemical etching agents for 
titanium contain hydrofluoric acid as 
the principal ingredient Nitric acid 
may be added to minimize staining and 
brighten the surface. The reagents 
may be in a water or glycerol solution 
with glycerol used to inhibit pitting of 
the surface 

Table V lists some of the common 
etching reagents, together with their 
characteristics. The same reagents may 
be used for revealing macrostructure 
with somewhat longer etching times 
Wetting with India ink and wiping 
lightly will help to increase contrast in 
macro-etching 

The concentration of acids in the 
HF-HNO, reagents may be varied sub- 
stantially from those given and equally 
good results obtained when compen- 
sating changes are made in etching 
time. 

Heat Tinting. Heating polished and 
etched specimens at about 1000 F for 
1 min has been used to distinguish be- 
tween alpha and retained beta. Under 
these conditions, retained beta appears 
deep violet to bright blue, and trans- 
formed beta ‘isothermal or equi-axed 
alpha) is dull yellow to golden yellow, 
with some violet coloring 

Microstructure. The microstructure 
of titanium and titanium alloys is 
principally influenced by the allotropic 
transformation which it undergoes, at 
about 1625F, from the close-packed 
hexagonal alpha phage to the body- 
centered cubic beta phase. The major- 
ity of the commercial alloys now in 
production are of the alpha-beta type 
and, as hot worked and annealed, con- 
sist of a mixture of alpha plus beta of 
sufficiently high alloy content to be re- 
tained to room temperature 

A great variety of microstructures 
can be produced by changes in heat 
treatment and hot working schedules 
Present commercial treatments pro- 
duce microstructures similar to those 
shown in Fig. 1. 


' Typical Microstructures of Commercial Titanium 
and Titanium Alloys Prepared According to the Recom- 


titanium hydride 
ing Fe, 2' 
500). Left—Com- 


Applications 


Virtually all titanium is being used 
today because of its favorable ratio of 
strength to weight between 300 and 
700 F. It also has corrosion resistance 
equal or superior to 18-8 stainless steel 
in most mediums, ana notably in ma- 
rine exposure. This combination makes 
titanium unique 

Like other metals, titanium would be 
used more if it cost less. It has cost 30 
to 40 times as much as the stainless 
steel which it has replaced. 

Titanium is available in the form of 
sheet, bar and forgings; it has been 
produced less extensively as tubing, 
plate and wire; experimental extru- 
sions and castings have been made 

Following are some current uses: 

Aircraft Gas Turbines. The chief 
usage in turbo-jet and turbo-prop en- 
gines is as bar stock and forgings 
These are used in making compressor 
disks, spacer rings, rotating and sta- 
tionary compressor blades and vanes, 
through bolts, turbine housings and 
liners, and miscellaneous hardware 
Titanium sheet is used for fire shields, 
brackets and shroud stock. 

Airframes. Titanium and titanium 
alloy sheet are being used in airframes 
for both structural and nonstructural 
applications, primarily surrounding en- 
gines, where service temperatures are 
in the range from 300 to 700F. Be- 
cause aluminum alloys are generally 
more efficient than titanium below 300 
F, titanium is not used significantly 
for wings and other unheated struc- 
tures. Above 700 F, stainless steel be- 
comes more efficient. 

Titanium landing gears have been 
studied and built experimentally; how- 
ever, alloy steels, heat treated to a 
tensile strength between 200,000 and 
280.000 psi, are preferred. The lower 
modulus of titanium is also a deterrent 
for this application. 

Titanium is being used in both mili- 
tary and commercial aircraft. Even in 
the latter, the savings in weight and 
the accompanying extra pay load jus- 
tify the present high initial cost. 

Fasteners. Titanium and titanium 
alloy rivets, nuts, bolts and screws have 
been manufactured in a variety of 
sizes, principally for evaluation. The 
high-shear type of rivet on which stain- 
less steel or Monel clips or collars are 
swaged looks promising Shear-type 
fasteners may be important in design 
because of the relatively high shear- 


Center—Alpha-beta type alloy contain- 

Cr and 2° Mo, finish forged high in the 

alpha-beta field, annealed at 1100 F, air cooled. Right 

Alpha-beta type alloy containing 27°: Cr and 1.3‘. Fe, 
jurnace cooled from the beta field 


tensile ratio of titanium Titanium 
alloy screws and particularly bolts also 
offer possibilities for saving weight 

Other Applications. Because of su- 
perior corrosion resistance, titanium 
and titanium alloys are being used ex- 
perimentally in several shipboard ap- 
plications—-for example, seats and disks 
in globe valves and metering disks in 
displacement-type fuel systems. Cer- 
tain items of military equipment which 
must be light for mobility or air- 
transportability have been made experi- 
mentally from titanium Some tita- 
nium is being used in the chemical 
industry for pipe and fittings to carry 
highly corrosive chemicals; considera- 
tion is also being given to its use for 
light-weight storage tanks for liquefied 
gases. 


Design 


Designing with titanium is similar 
to designing with aluminum or stain 
less steel. For example, as with alumi- 
num, allowance must be made for its 
low modulus of elasticity where this is 
a factor, but worked and formed parts 
are similar to stainless steel (see page 
81) The ratio of fatigue limit of 
unnotched specimens to tensile strength 
is more like that of steels than of the 
light alloys and under certain condi- 
tions the ratio is appreciably higher 
than for either of these groups. Ob- 
viously, generalizations may be haz- 
ardous. 

One of the important disadvantage 
of titanium is its tendency toward gall- 
ing when rubbed against itself or other 
metals. For this reason it is not suit- 
able for bearings or parts requiring low 
frictional wear. Plating with chromium, 
coating with a suitable plastic, and sur- 
face treatments such as nitriding may 
be helpful; plating techniques seem to 
be the closest to early application 

Designers should try to avoid shapes 
which require extensive or intricate 
machining operations. Although tita- 
nium does not machine well, it is forge 
able and the use of die forgings or 
semi-forged billets may minimize ma- 
chining cost Titanium sheet is diffi- 
cult to shrink in forming, and shrink 
flanges should be avoided 

Vibration and damping characteris- 
tics are of great significance in the im- 
portant application of gas turbine com- 
pressors. In the design of a compre 
sor rotating wheel for a gas turbine 


(consisting of a steel disk and steel 
blades), titanium cannot be substituted 
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for the steel disk without a change in 
design because the natural frequency 
of the disk would be lowered enough so 
that it could be in resonance with the 
engine running speed. However, if 
titanium blades are used with a tita- 
nium disk and both are designed the 
Same as the steel parts, the frequency 
of the resulting part will be the same 
as the frequency of the steel assembly. 
This is true because the frequency of 
any part is proportional to the geom- 
etry, modulus of elasticity and density 
of the material. The effect of the 
combination of modulus and density of 
steel is the same as with titanium. 

Damping capacity is important be- 
cause, In gas turbines, excessive aero- 
dynamically-induced vibrations are 
damped out by the combination of 
material damping and frictional damp- 
ing in the mechanical fastening of the 
blade and disk. When titanium alloys 
are considered for compressor blading, 
the lower damping capacity must be 
offset by an increased damping be- 
tween blade root and disk. If this is 
not done, premature fatigue failures 
will result. 

Where stiffness and rigidity are con- 
trolling factors, an increase in section 
thickness may be required to compen- 
sate for the low modulus of elasticity 
of titanium. This could more than off- 
set the weight savings calculated from 
considerations of tensile strength alone. 


Selection of Alloys 


Current titanium alloys are the so- 
called commercially pure or unalloyed 
type (alpha single-phase), the alpha- 
stabilized or all-alpha alloys, and the 
alpha-beta two-phase alloys. The un- 
alloyed metal is primarily titanium with 
small amounts (usually less than 0.1% 
each) of carbon, oxygen and nitrogen. 
Present commercial all-alpha alloys 
contain aluminum as the primary alloy- 
ing element, with or without tin as a 
secondary addition. The alpha-beta 
alloys contain various proportions and 
combinations of manganese, chromium, 
molybdenum, iron, vanadium and alu- 
minum; carbon, oxygen and nitrogen 
are also present—usually in residual 
amounts, sometimes intentionally. 
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Properties. Numerical values for the 
properties of titanium and commercial 
titanium alloys are tabulated on pages 
87 to 89, according to the standard 
arrangement used in the Nonferrous 
Section of the 1948 ASM Metals Hand- 
book. Some general relations among 
the properties most important in de- 
sign are discussed here. 

Titanium lies between aluminum and 
steel in density, strength, modulus of 
elasticity and serviceability at elevated 
temperatures. The density of titanium 
alloys is about 40°. less than for aus- 
tenitic stainless steel and 70° greater 
than for aluminum alloys. 

The coefficient of thermal expansion 
of titanium alloys is about 40°) less 
than for austenitic stainless steel. In 
general, the thermal expansion of tita- 
nium alloys increases with alloying. In 
composite structures of titanium with 
other metals, the low expansion may 
introduce undesirable thermal stresses. 

The thermal conductivity of titanium 
alloys is approximately the same as 
for austenitic stainless steel and varies 
about 25°), depending on alloying con- 
stituents. This low conductivity may 
result in local hot spots in heated 
structures; on the other hand, a lim- 
ited insulating effect may be considered 
as an advantage in certain applications. 

The electrical resistivity of titanium 
alloys is high—roughly equivalent to 
austenitic stainless steel. Alloying ad- 
ditions cause an increase and may 
result in extremely high resistivities 
which might prove useful in electrical 
applications. The high resistivity is 
also useful as a means of heating for 
hot forging. 

Titanium is nonmagnetic. 

Despite early conflicting reports, it 
has become increasingly clear that tita- 
nium and its alloys have good fatigue 
resistance in the unnotched condition. 
For example, ratios of fatigue limit to 
tensile strength as high as 0.85 have 
been reported, with minimum values 
near 0.55, compared with nominal 
values near 0.5 for steel and 0.3 for the 


light alloys. For notched specimens, 
results vary markedly. With sharpest 
notches, titanium seems to be greatly 
inferior to steel. With rounder notches, 
this deficiency tends to disappear and 
under some notch conditions titanium 
may even be superior to other metals. 
In applications where notch fatigue is 
important, detailed and specific tests 
should be conducted. At sub-zero tem- 
peratures, the fatigue limit of titanium 
improves. 

Low-Temperature Properties. Meager 
data on the low-temperature properties 
of titanium and its alloys indicate 
an increase in hardness and tensile 
strength as temperature is lowered 
from room temperature; elongation de- 
creases with lower temperatures; notch 
sensitivity appears to increase. 

Elevated-Temperature Properties. The 
weight advantage of titanium between 
300 and 700 F is well illustrated by Fig. 
2. Between 800 and 1000 F, the strength 
of alpha-beta titanium alloys de- 
creases rapidly; the all-alpha alloys 
are stronger in this range (‘see table, 
page 89). Oxygen and nitrogen begin 
to be absorbed irreversibly in short- 
time exposure at about 1300 and 1500 F, 
respectively, with consequent embrit- 
tlement of the titanium surface. Dur- 
ing prolonged exposure, appreciable 
pickup of oxygen may occur at 800 to 
1000 F. Figures 3 and 4 give more de- 
tailed data for temperature effects in 
a typical high-strength titanium alloy 
and in unalloyed titanium. 

The discussion thus far has dealt 
with short-time mechanical properties. 
As the intervals during which the 
loads are applied become greater, ex- 
tending to hours and hundreds of 
hours, the strength decreases. In de- 
signing for sustained loads at elevated 
temperatures, the creep characteristics 
of titanium are more important than 
the yield strength under some condi- 
tions. As shown by the curves on pages 
88 and 89, minimum creep rate does 
not follow yield strength. At tempera- 
tures above about 700 F (which varies 
somewhat among different alloys), 
stresses considerably below the yield 
strength will produce plastic deforma- 
tion, which increases rapidly with in- 
creasing time under load. 

Unalloyed titanium (‘not alloys) de- 
forms plastically under stresses lower 
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Table VI. Ranges for Mechanical Properties at Room Temperature" 


Sheet, Strip and Plate 


Unalloyed (high ductility) 
Unalloyed (high strength) 
Ti-5 Al-25Sn 
Ti-8 Mn 
Ti-2 Fe-2Cr-2 Mo 


Tensile Yield Elongation 
Strength, Strength, in 2in., 
1000 psi 1000 psi Te 
6H0to 80 40to 70 20 to 30 
80 to 110 70 to 100 15 to 25 


15 to 20 
15 to 20 
10 to 20 
12 to 18 


90 to 110 
110 to 130 
110 to 140 
120 to 135 


100 to 120 
120 to 140 
120 to 150 
130 to 150 


Forgings, Bars and Rods 


Unalloyed (high ductility) 
Unalloyed (high strength) 


Ti-2 Fe-2Cr-2 Mo 
Ti-4Al-4Mn 
Ti-2.7 Cr-13Fe-O 
Ti-3 Al-5Cr 


20 to 30 
15 to 25 
15 to 20 


60 to 85 40to 75 
80 to 115 70 to 105 
100 to 120 90 to 110 


120 to 140 110 to 130 15 to 20 
130 to 150 120 to 135 12to 18 
140 to 160 130 to 150 12 to 20 
140 to 160 130 to 145 12 to 18 
145 to 170 130 to 160 10 to 18 


Modulus of Elasticity, 15,000,000 psi 
(a) The lower figure represents the guaranteed minimum for the property; the range 
indicates the expected variation, including effects caused by section thickness 


than the yield strength at room tem- 
perature and at temperatures up to 
approximately 300F. Between about 
300 and 700 F, the elevated-temperature 
yield strength of titanium can be used 
as the design strength criterion. The 
room-temperature creep of unalloyed 
titanium is unimportant in most ele- 
vated-temperature designs. 

Selection. Unalloyed titanium, as 
would be expected, has the lowest 
strength in the group (Table VI). 
Currently, it is used mainly as sheet in 
applications where light weight and 
either corrosion resistance or heat re-” 


A 1 Common name. Todide titanium 


sistance are important but where 
strength is secondary—as in nonstruc- 
tural aircraft items such as shrouds, 
firewalls and hot gas ducts, where an- 
nealed stainless steel would normally 
be used. Various grades of unalloyed 
titanium sheet are available, and selec- 
tion is based on the desired strength, 
ductility, formability, permissible bend 
radii and similar characteristics 
Titanium alloys are generally graded 
by strength, as in Table VI. Currently, 
only one alpha alloy is available, in 
the form of billets, bars, plates and 
heavier sheet, and should be consid- 


PROPERTIES OF TITANIUM AND TITANIUM ALLOYS 


Titanium (99.9 Ti) 


ered where weldability is important, 
together with higher strength than is 
available in unalloyed titanium, or 
where retention of strength at high 
temperature is especially important. A 
further consideration is the limited 
formability of the alpha alloy sheet 
products, as compared with unalloyed 
or alpha-beta alloy sheet. 

The remaining commercial alloys are 
of the alpha-beta type and selection 
is dictated by one or more of these 
factors: strength-weight ratio at oper- 
ating temperature, hardness, ductility, 
section size, forgeability, workability, 
creep resistance, stress to rupture, 
notch sensitivity, impact, fatigue, 
damping, directionality, weldability and 
others. Once it has been decided to 
use some titanium alloy, the above 
factors are more important than re- 
sistance to corrosion, wear, galling, and 
physical properties such as thermal 
conductivity, since these latter charac- 
teristics vary less from one titanium 
alloy to another than do the other 
properties mentioned 

Where maximum weight must be 
saved, it is important to consider for 
each likely alloy the property most 
critical in a particular design—for ex- 
ample, tension, compression, shear or 
rigidity. The strength-weight advan- 
tage with titanium will vary depending 
on the property concerned; weight sav- 
ings which might be indicated by a 
superficial examination of tensile 
strength, often used as a criterion, may 
not materialize when a detailed design 
study is made. 


K Mechanical properties. 


B 1 Typical uses. For experimentation and research on 20,000 psi 
titanium properties and alloys; for commercial appli- 
cations requiring maximum ductility and formability Reduction in area 88°: 

and freedom from interstitial alloying elements (oxy- Vickers hardness .... . B0to 100 


gen, nitrogen, carbon and hydrogen) 


Impact values 


Above 100 ft-lb down to — 321 F 


C 1 Density at 20C (68F). 4.507 & per cu cm (0.163 Ib = K 2 Directional properties. Little or no effect of working 
885C (1625 F), 431 direction on mechanical properties 
56 
D 1 Melting point. 1670 + 20C (3040 + 35F) 
4 Boiling point at 760 mm Hg. 3260C (5900 F) ry fos ett 
Vapor pressure of beta titanium: O600} —}+--+--+ | } 
log piatm) — 7.7960 24, 644/T — 0.227 x 10°T | 
Vapor pressure of liquid titanium: 
log piatm) = 6.255 — 22,100 T 0 500} 1250 
5 Transformation temperature (a—> 8). 882C (1620 F) | 
6 Thermal expansion 
20 to 300 C (68 to 572 F). 0.0000082 per C 9400) A 
2 Specific heat versus temperature. See Fig. 1. .* : 
3 Latent heat of fusion. 100 cal per g ‘est) ss : 
14 Latent heat of transformation. 14 cal per g = : 
18 Heat of combustion. 4700 cal per g to TiO, = | Heat Content, @ 
E 1 Volume conductivity referred to standard copper. 3.6% v | = ' 
2 Electrical resistivity at 25C (77F). 5498 microhm-cm 7 
5 Temperature coefficient of electrical resistivity, 10 to mee 
30C (50 to 86F). 0.00425 per C 0100 50 * 


16 Superconductivity. Superconductive below 1.73 K 
Alpha is close-packed hexagonal, vA 
beta is body-centered cubic, 
Stable from 882C to the melting point. 

4.6833 kX; c/a = 1.587 


J 1 Crystal structure 
stable to 882C (1620F); 


2.9504 kX; c 
3.3065 kX 


alpha: a 
beta: a 


Temper yture,deg Cent 


Pig. 1. Heat Capacity and Heat Content of Iodide Titanium 
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6 Modulus of elasticity versus temperature. 


M 


N10 


Al 


3 ASTM number. 


to 


Dynamic 
modulus decreases linearly from 15,400,000 psi at 25C 
(717 F) to 9,900,000 psi at 550C (1022 F); measurements 
in tension at 25 C, 15,900,000 psi 

Consequences of exceeding impurity limits. Higher 
hardness, reduced ductility, higher tensile strength 
Maximum reduction between anneals. 90°. or more 


Titanium 


Common name. Unalloyed titanium, 55,000 psi design 
yield strength 

B265-52T, grade 2 

Other designations. AMS 4900 


15 


17 
M 


Heat treatment. 


Annealing at 600C (1100 F) or above 
will recrystallize cold worked metal 
Joining. Arc weld in a protective atmosphere. 


Composition limits ‘(ASTM B266-52T) 
99.9% Ti; impurities: 0.03% max C; 0.02% max Si; 
0.02% max Fe; 0.03% max Al; 0.01% max N; 0.04% 
max Mn; 0.01% max O; others ‘each) 0.01% max 


Components: 


(99.2 Ti) 


E 2 Electrical resistivity at 20C (68F). 55 microhm-cm, 
annealed 
5 Temperature coefficient of electrical resistivity, —18 to 
205C (0 to 400 F). 0.17 per C 
I 2 Resistance to specific agents. See page 83. 
K Mechanical properties. See Table I. 
6 Creep properties. See Fig. 1 and 2. 

M Composition limits (ASTM B265-52T, grade 2). Com- 
ponents: 99.2% min Ti; impurities: 0.10°° max N; 
0.20% max C; 0.25% max Fe; 0.02% max W; 0.25% 
max O; others (total) 0.25°% max; others ‘each) 0.10% 
max 

Table I. Typical Mechanical Properties of Annealed 
Titanium Sheet (99.2 Ti) at Elevated Temperatures 
Per- Per- 
centage centage 
Temp, Tensile Yield Re- Elon- Impact 
deg Strength, Strength, duction gation Strength, 
Fahr psi psi in Area in 2 in ft-lb‘ 
75 78,000 62,000 51 27 45 
200 62,000 46,000 57 35 50 
400 44,900 29,000 66 39 60 
eee 34,000 19,000 72 37 68 
‘a’ Not annealed sheet. Charpy V-notch impact strength at —110 F, 
about 40 ft-lb 
| = 
| 

60 150 

400F 

Sac 

1% 5,40 

Ew ; 

\2¢ 

= 

|, 
‘ 10 /00 1000 
Time, hr 
Fig. 2. Stress-Rupture Curves for Annealed Titanium Sheet ‘(99.2 Ti) 


Titanium (99.0 Ti) 


B 1 Typical uses. In sheet form, for applications requiring 
maximum ductility for fabrication and little strength 
C 1 Density. 4.54 g per cu cm (0.164 lb per cu in.) 
D 6 Thermal expansion. 
20 to 100C (68 to 212 F). 0.0000090 per “C 
20 to 400 C (68 to 750 F). 0.0000095 per C 
20 to 700C (68 to 1290 F). 0.000010 per C 
O 2% Yield Strength 
‘ 
1% Deformation in hr 
| 
O.O000!1%/hr min Creep Rate 
| 
40} = 
| 
/ 
| | 
Ur 
10} 
| | 
QO 200 400 600 800 1000 
Temperature, deg Fahr 
Fig. 1. Creep Properties of Annealed Titanium Sheet (99.2 Ti) 
A 1 Common name. Unalloyed titanium, 70,000 psi design 


yield strength 

ASTM number. ASTM B265-52T, grade 3 

Other designations. AMS 4901 (sheet and strip) and 
AMS 4921 ‘bars and forgings) 


B 1 Typical uses. Where intermediate strength and good 
fabrication properties are required 
C 1 Density. 4.54 g per cu cm (0.164 lb per cu in.) 
D 6 Thermal expansion. Same as 99.2 Ti, above 
Table I. 
Temp, Tensile Yield 
deg Strength, Strength, 
Pahr Form psi psi 
Bar 95,000 80,000 
75 Sheet 95,000 78,000 
200 Bar 77,000 61,000 
200 Sheet 72,000 57,000 
400 Bar 54,000 38,000 
400 Sheet 51,000 34,000 
600 Bar 43,000 27,000 
600 Sheet 41,000 24,000 


ta) Charpy V-notch impact strength at —110 FP, about 40 ft-lb 
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16 


E 2 Electrical resistivity at 20C ‘68F). 55 


Percentage 


Reduc 
in Ar 
47 

48 

51 

51 

54 

56 

61 

57 


Specific heat. 


0 to 120C (32 to 250F) 0.129 cal per g 
0 to 260C (32 to 500F) 0.133 cal per g 


0 to 538 C (32 to 1000 F) 
Thermal conductivity. 
18 to 93C (0 to 200 F) 
18 to 205C (0 to 400 F) 
18 to 316C (0 to 600 F) 


0.141 cal per g 


10.3 Btu /hr/sq ft ‘ft’ F 
10.2 Btu/hr/sq ft ft’ F 
10.1 Btu/hr/sq ft/ft/ F 
microhm-cm 


Typical Mechanical Properties of Annealed Titanium Sheet (99.0 Ti) at Elevated Temperatures 


Percentage Impact Modulus of 
tion Elongation Strength, Elasticity, 
ea in 2 in ft-lb‘» psi 

27 18 15,800,000 
23 15,500,000 
22 25 15,000,000 
25 14,500,000 
22 40 13,800,000 
29 13,500,000 
28 55 12,500,000 
30 12,500,000 


Temperature Tensi/e Streng(n 


of Room 


|_| 
| 

i 


5 Temperature coefficient of electrical resistivity, — 18 to 
205C (0 to 400 F). 0.17 per C 


O2% Yield Strength I 2 Resistance to specific agents. See page 83. 
K Mechanical properties. See Table I 
*T 6 Creep properties. See Fig. 1 and 2 
9 Damping capacity. Log decrement, 0.03% 
: M Composition limits (ASTM B265-52T, grade 3). Com- 
ponents: 99.0% min Ti; impurities: 0.15°° max N; 
ig | x, | 0.20% max C; 0.25% max Fe; 0.02% max W; 0.25% 
Deformat max O; others (total) 0.25°) max; others ‘each) 0.10°; 


max 


e Strength 


BO} 80 


( %/hr min Creep Rate 


% of Room Temperature Tens 


| ~ 0 
| | 
€ 000 / 10 100 
emperature,deg Fohr Time, hr 
Pig. 1. Creep Properties of Annealed Titanium Sheet (99.0 Ti) Fig. 2. Stress-Rupture Curves for Annealed Titanium Sheet (990 Ti) 


Typical Mechanical Properties of Commercial Titanium Alloys at Elevated Temperatures 


Tensile Yield Percentage Modulus of Charpy Stress for 
Temperature, Strength, Strength, Elongation Elasticity, Impact 1°) Creep in 
deg Fahr psi psi in 2in psi ft-lb 1000 hr, psi 


Ti-8 Mn (AMS 4908) 


75 130,000 120,000 20 15,500,000 18 92,000 
200 120,000 100,000 19 14,900,000 27 86.000 
400 105.000 77.000 17 13,500,000 45 77,000 
600 95,000 67,000 13 12,300,000 64 67.000 
800 80,000 52,000 25 11,000,000 75 13.000 


Ti-4 Al-4 Mn (AMS 4925) 


75 150,000 35,000 17 16,600,000 18 98,000 
200 133,000 120,000 16 15,900,000 21 
400 120,000 105,000 15 14,800,000 37 
600 110,000 93,000 15 13,700,000 59 
800 95,000 77,000 20 12,600,000 7 20,000 


Ti-2 Fe-2Cr-2 Mo 


75 147,000 128,000 22 
200 131.000 107,000 23 
400 113,000 88.000 22 
600 100,000 73,000 19 
800 80,000 50,000 22 


Ti-5 Al-1.4 Cr-1.3 Fe-1.3 Mo 


75 150,000 135.000 10 
200 140,000 124,000 20 


400 132,000 118,000 20 


18 
Ti-3 Al-5Cr 


106,000 92,000 


75 150,000 140,000 12 16,500,000 34 
200 145,000 135,000 18 49 
400 135,000 105,000 20 57 
600 115.000 85,000 20 14,100,000 83 


800 110,000 75,000 22 14,700,000 4 
Ti-5 Al-255n 


75 125,000 120,000 18 230 92.000 
200 105,000 95,000 19 80.000 
400 80.000 70.000 17 65.000 
600 70.000 55,000 17 . 51.000 
B00 68 000 54,000 16 34,000 
1000 60 000 50,000 18 9 300 
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DESIGN AND APPLICATION 


Engine Metals and Engine Wear . 


Cylinders and liners. Piston rings. Pistons. Camshafts and tappets. Valves, 
seats and guides. Piston pins. Bushings. Crankshafts. Bearings. Water 
pump shafts. 


Effect of Stress Concentration on Design Strength . 


Service failures from stress concentration, Definitions and basic concepts. 
Application to design. Notch sensitivity. Combined steady and alternating 
stress components. Notch effect for a limited number of cycles. Reducing 
effects of stress concentration. 


Shot Peening and Other Surface Working Processes i* « * 


Extent of improvement. Residual surface stresses. Shot peening. Quality 
control. Surface rolling. Roller tools. Hand and mechanical peening. 
Prestressing. 


Design of Ferrous Castings * 


Design principles. Patterns. Gray iron castings. White iron and chilled 
iron. Malleable iron castings. Pearlitie malleable. Nodular iron. Steel 
castings. 


Design of Brazed Joints os « 


Types of joint. Filler metal and base metal. Joint clearance. Strength of 
brazed joints. Stress distribution. Fatigue strength. Impact’ strength. 
Klevated and sub-zero temperatures. Electrical conductivity. Corrosion 
resistance. Brazing processes. 
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Engine Metals and Engine Wear 


By the ASM Committee on Engine Metals 


IN SUPPLEMENTING the general 
discussion entitled “Wear of Metals”, 
in the 1948 Metals Handbook, this 
article shows by specific examples how 
problems of metal-to-metal wear are 
solved or compromised in one impor- 
tant type of machine, the internal 
combustion engine. 

These problems are not solved by 
stress analysis and seldom by labora- 
tory investigation, but by selecting 
metals for trial, shaping them into 
experimental or service parts, building 
the parts into engines and running the 
engines. 

If superior performance of the parts 
is proved in such limited service, they 
may be incorporated in production 
models. In extended service, they would 
then be subjected to widely varying 
conditions of lubrication, abrasion, 
loading and temperature. The metals 
discussed in this article have shown 
superiority in the wide range of con- 
ditions encountered in general service. 

Since wear problems are solved, 
wholly or in part, by the proper selec- 
tion of metals, an important feature of 
this article is the identification of those 
metals currently in successful use in 14 
types of parts that are subject to wear 
in engines. 

An extensive discussion of engine 
metals would not be justified if it had 
no application elsewhere. Despite the 
highly specific character of any wear 
problem, many aspects of engine wear 
and engine metals are strongly sug- 
gestive of solutions to metal-to-metal 
wear problems in other machines hav- 
ing parts that rotate or reciprocate 
under comparable or less severe con- 
ditions of load and lubrication. 


Ferminology 


It is generally agreed that engine 
parts wear by abrasion, scuffing or cor- 
rosion. Exact definitions of these terms 
are more difficult to agree on. 

Abrasion, in engines, is caused by air- 
borne dirt, by wear debris from the 
abraded parts or from other engine 
parts, or by built-in dirt such as chips 
and core sand. 

2arts abraded by airborne dirt usu- 
ally show a gray lapped appearance, 


a 
Q 
+ 
>» 
| 
is 
% Sulfur in Fuel 
Fig. 1. Relation Between Sulfur 


Content of Fuel and Wear of Piston 
Rings in a Diesel Engine (J. T. Bur- 
well, Jr., “Mechanical Wear”, Amer- 
ican Society for Metals, 1950) 


because the abrasive dirt is usually 
very fine, and the worn surfaces are 
distinguished by a visual matte finish 
revealing no indication of the direction 
of motion of the part. Wear from de- 
bris of worn parts usually gives a visi- 
ble scratch pattern, since particle sizes 
are usually larger than those from air- 
borne dirt. Built-in dirt such as chips 
and core sand produces much larger 
scratches in a coarser pattern or as 
individual traces. 

Scuffing is the most rapid form of 
wear, and is characterized by violent 
surface disruption from intermittent 
welding and tearing apart of small 
areas of the opposing wear surfaces. 
In the severest form of scuffing, the 
melting temperature of either or both 
mating parts may be reached at local- 
ized areas, causing the part to wear out 
in a few minutes. Mild incipient scuff- 
ing May appear as small isolated areas 


100 


BO 
Jacket Temperature 


104 F 
- 


~ Jacket Temperature 
id 
| 167° 


20 
ol _fifl = 
Fig. 2. Effect of Temperature of 


Jacket Coolant on Wear of Piston 
Rings (J. T. Burwell, Jr.) 


1/00 
80}-— — 
Base Lubricant | 
60} — | 
| 
20 
Base Lubricant 
Plus Additive 
02 06 08 10 
%o Sulfurin Fuel 
Fig. 3. Effect of Adding Organic 


Salt to Neutralize Wear and De- 
posits Caused by Sulfur in Diesel 
Fuel. Wear erpressed as a percent- 
age of wear with base lubricant and 
fuel having 1% S (J.T. Burwell, Jr.) 
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which scuff and heal, causing only 
slightly abnormal wear rates. 

Corrosion can be caused by products 
of combustion or condensation result- 
ing from operation of the engine below 
its optimum temperature. Engine parts 
so corroded may be readily identified 
by their appearance. 


Service Conditions 

Normally all reciprocating engines 
operate with lubrication, and this ar- 
ticle is confined to lubricated wear. 
Oil of the wrong viscosity or oil which 
deteriorates in service will have a de- 
cided influence on wear, especially of 
cylinders, cylinder liners, rings, Cam- 
shafts and valve gears. 

The products of combustion of the 
fuel contain water vapor which carries 
potentially corrosive gases such as ox- 
ides of sulfur and nitrogen. If allowed 
to condense on engine parts, these 
oxides form acids readily and cause 
excessive corrosive wear. AS an exam- 
ple, the relation between percentage of 
sulfur in the fuel and the wear of piston 
rings is shown in Fig. 1; cylinder wear 
is similarly affected. 

Corrosive wear is minimized by run- 
ning the engine hot and by hastening 
warm-up. The results shown in Fig. 2 
are typical in that they show reduced 
piston ring wear at temperatures above 
160 F; wear of cylinders follows the 
same pattern. Also, lubricant additives 
will often inhibit corrosive effects, as 
illustrated in Fig. 3. 


Cylinders and Liners 


+~Most of the wear of cyl- 
inders and cylinder liners 
in internal combustion en- 
gines occurs in the upper 
end of the piston travel. It 
is usually greatest where 
the top compression ring 
stops and reverses direc- 
tion, with a wear pattern 
corresponding to that 
shown schematically in Fig 
4. The change in direction 
causes partial failure of the 
Fig. 4. Normal Wear Pattern of 


Piston Rings Against Cylinder Wall 
in Gasoline Engines 


Supplements the article entitled 

“Wear of Metals” on pages 216 

to 222 of the 1948 ASM Metals 
Handbook 
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Fig. 5. Typical Structure of Gray Iron for Best Wear 
Resistance. x 500 


oil film, a condition known as “bound- 
ary lubrication”. 

At the top of piston ring travel, 
where temperature is greatest and 
pressure behind the ring is at a maxi- 
mum, the amount of oil is least. At 
the lower end of ring travel, wear is 
increased because, here again, the ring 
stops momentarily and boundary lubri- 
cation results. Large amounts of abra- 
sive in the entering air or oil will 
change the wear pattern. 

Wear of diesel and gas engine cylin- 
ders also follows the pattern shown in 
Fig. 4 for gasoline engines. Similarly, 
in two-cycle engines, the greatest wear 
is at the extreme top of the stroke of 
the top ring, and wear is also increased 
across the exhaust ports when they be- 
come overheated. Hot exhaust ports 
may cause scuffing; a higher wear rate 
is inevitable at bridges because of area 
reduction. 

Metals in Use. Cylinder blocks in 
passenger cars are almost always made 
of unalloyed gray iron; in heavy-duty 
trucks use of alloy iron is conventional 
(Table I). 

Gray iron is used for all large engine 
cylinders or liners, either in the as-cast 
or stress relieved condition, because of 
its good frictional qualities and wear 
resistance, as well as for good machin- 
ability and low cost. In general, a ladle- 
inoculated gray iron with carbon equiv- 
alent [total C + 14,(Si 4+ P)! close to 
eutectic Composition [4.3 — 1,(Si 4 P)] 
is used for such equipment. The car- 


bon and silicon contents are adjusted 


Service Cc 


Passenger car 


3.10 to 3.50 1.90 to 2.30 


0.60 to 0.90 


to avoid chilling, and a graphitizing 
inoculant is usually added. 

As is shown in Table I, alloy irons 
are used extensively, but nickel and 
molybdenum, added for their graph- 
itizing effects, may also produce free 
ferrite in the matrix, a condition to be 
avoided by proper changes in the car- 
bon equivalent. Combinations of nickel, 
chromium and molybdenum, and some- 
times chromium alone, are used with 
the proper base analysis to give im- 
proved wear resistance. A typical com- 
position is 1.25% Ni, 0.35% Cr, and 
0.30% Mo added to the base analysis 
for cylinder liners given in the fourth 
line of Table I. 

Gray iron liners having type A 
graphite distribution ‘see 1948 Hand- 
book, Fig. 12 on page 511) with a ma~ 
trix of 100° pearlite give excellent re- 
sistance to mechanical wear. The finer 
the graphite and pearlite, the better 
the wear resistance. Figure 5 is typi- 
cal of a satisfactory structure. Gray 
iron with type D graphite and free 
ferrite (Fig. 6) gives poor wear and 
considerable scuffing. 

In automotive diesel engines hard- 
ened sleeves are sometimes used, pref- 
erably of type A medium graphite 
structure. Cylinders for high-output 
military and commercial aircraft en- 
gines are generally of nitrided steel or 
alloy steel similar to 4140. Engines of 
less than 225 hp for light planes may 
have gray iron cylinders. 

In new assemblies, cylinders may be 
chromium plated; worn cylinders are 


Table I. Metals for Engine Parts 


Composition Ranges, % 
Ni 


Mn I S (max) 


Cast Iron Cylinder Blocks 


0.12 to 0.18 0.125 0.10% 
Trucks 30010350 220to250 050to 0.70 0 20 max 0.10 0.35 to 0.45 
Cast Iron Cylinder Liners 
Auto diesel . 32510350 200t0225 O50to 0.80 0.25 max 0.12 
Diesel & gas . 2.85 to 3.30 125to1.75 080 max 0.20 max 0.12 1.00 to 1.50'" 


Automotive 85 to 105 


All types 
(a) 


3.50 to 3.90 
Optional elements 
load 


2.20 to 3.10 


(b) 
in 


Ib transverse breaking 
Handbook (c) 


18 in 


see 
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0.40 to 0.80 
35,000 psi tensile strength, 2.400 
page 
2,700 Ib transverse breaking load in 18 in 


Cast Aluminum Alloy Pistons (Alloy D132) 
: : 05 tol5 

Cast Iron Piston Rings (AMS 7310B) 

0.30 to 0.80 


125, 


1948 Metals 
(d) 


(e) May be added 


Fig. 6. Type D Structure of Gray Iron That Gives Poor 
Wear Resistance. 500 


often plated or replated to réstore 
original dimensions. 

Cylinders were chromium plated dur- 
ing the last war, for both submarine 
and aircraft engines; postwar commer- 
cial applications are in diesel electric 
locomotive engines, marine engines 
and heavy-duty automotive diesels, as 
well as in small air-cooled aluminum 
cylinders. Most chromium plated cyl- 
inder surfaces consist of some form of 
interrupted surface, generally porous 
chromium. An interrupted surface may 
be obtained by electrolytic or chemical 
etching of chromium after it is plated 
on a smoothly honed bore, as with 
porous chromium, or by pre-roughen- 
ing the bore by shot blasting, knurling 
or tooling and then reproducing these 
rough features in the final chromium 
plate. 

Two distinct types of porous chro- 
mium are produced. One has pin-point 
porosity (Fig. 7) with many microscopic 
depressions in a honed chromium sur- 
face. This has been used in all types 
of engine cylinders except aircraft. 
Channel porosity ‘Fig. 8) is used for 
aircraft. This surface is also finish 
honed but is broken by random con- 
nected channels leaving isolated bear- 
ing plateaus. 

For both types, the percentage “po- 
rosity” is generally controlled between 
20 and 50% of the total area. Average 
plateau size is further controlled be- 
tween 0.010 and 0.030 in. diam with the 
channel type of porosity. Porosity as 
low as 5% approaches dense chromium 


Brinell 
Hardness 


Other Number 


0.20" 163 to 228"' 
0.25 to 0.50 0.70 to 0.80 Mo 217 to 241'"" 


to 


30 to 0.50 
30 to 0.40" 


100 to 150Cu 
0.25 to 0.35 


420 to 485'"" 
180 to 250 


7 to13 Mg 20 to40Cu 90 to 130 


improve wear resistance (f) Specified 


value is Rockwell B 97 to 104 


0 | 
Quenched from 1575 F to 475 F salt bath, tempered 1 hr at 400F. 


and is susceptible to scoring because of 
sparse oil distribution. High porosity, 
such as 75°), may cause high initial 
ring wear and high oil consumption. 
In normal engine service, cylinders 
plated with chromium of optimum po- 
rosity give wear rates ', to 1/10 those 
of uncoated cast iron or steel, hard- 
ened or unhardened 

Wear of steel cylinders in aircraft 
engines may be of the normal type in 
airline service or of the corrosive type 
in military service. Engines of mili- 
tary and private airplanes deteriorate 
mainly by cylinder corrosion during 
storage, resulting in rapid cylinder 
wear and early overhaul because of 
high consumption of lubricating oil. 
Still longer storage results in pitted 
bores, which is the principal reason 
why the Armed Forces usually chro- 
mium plate worn cylinders 

Hardness is an important factor in 
wear resistance. Gray iron, as cast, 
gives good wear resistance at 180 to 
250 Brinell. Hardening increases re- 
sistance to abrasive wear, especially in 
high-speed and high-load applications. 
Nitrided surfaces harder than 600 Bri- 
nell can be used. Rockwell or other 
small diamond-point hardness impres- 
sions on cast iron may be misleadingly 
low because the soft graphite flakes in 
the structure are of the same order of 
size as the hardness indenter. 

Finish on cylinders is usually 15 to 
35 micro-in. in automotive, diesel and 
aircraft engines Smoother finishes 
retard proper seating of the rings. On 
the other hand, coarse finish will ac- 
celerate initial wear and oil consump- 
tion and may accelerate wear through- 
out the life of the barrels. 

It is well known that gray iron cyl- 
inders which wear well, “break in” to 
a glazed surface. Lack of this type of 
surface is a good indication of high 
wear. A glazed surface cannot be ob- 
tained artificially, but only by operat- 
ing the engine. This early break-in 
period is crucial, and is influenced 
greatly by surface finish. A _ highly 
burnished or polished surface will scuff 
or gall, while a dull honed finish will 
usually perform satisfactorily. Various 
turned and ground finishes have been 
used, but these are slow to break in, 
causing excessive oil consumption 

Break-in may be influenced by heavy 
machining cuts which tend to force 
metal into the spaces occupied by 
graphite flakes. Such metal particles 


Fig. 7 


Surface and Edge of Porous Chromium Plating on 


are difficult to remove by subsequent 
honing and begin scratching with the 
first stroke of the piston, producing a 
surface which appears to be disinte- 
grating. The particles can be removed 
by the light etching of a phosphate 
treatment. 

Cylinder barrels are sometimes phos- 
phate-coated to give anti-welding char- 
acteristics and to reduce scoring and 
galling. Such a surface holds thin oil 
films tenaciously. 

An efficient air cleaner is very impor- 
tant because airborne dust causes se- 
rious wear of cylinders. 


Piston Rings 


The principal factors that influence 
wear of piston rings are speed, tem- 
perature, load, frequency of use and 
dirt. 

Speed influences ring wear largely as 
a function of piston travel per mile. 
The rate of ring wear in a high-speed 
engine of a given power rating is 
higher than that of a low-speed engine 
of the same rating in proportion to the 
distance traveled by the rings. Design 
weaknesses of rings, pistons and cylin- 
ders become more evident as speed 
increases. 

While radial face wear is the prime 
consideration, wear of ring and groove 
sides cannot be ignored. Engine speed 
affects wear of these side surfaces be- 
cause it affects the acceleration forces 
on the rings. 

Temperature has a most important 
effect. While high temperature occa- 
sionally causes wear by interfering with 
lubrication of cylinder surfaces, low 
temperature is a far more frequent 
source of excessive piston and ring 
wear. As coolant temperature falls 
below 160F, cylinder and ring wear 
increase rapidly because of corrosion 
by condensate carrying corrosive prod- 
ucts of combustion. Where it is im- 
possible to maintain proper tempera- 
tures, additive types of lubricating oil 
are helpful. 

Engine Load affects the wear rates 
of both cylinders and rings principally 
through its influence on temperatures 
and corrosive wear. Engines in light- 
load service usually have a high rate 
of corrosive wear. If temperatures are 
optimum, wear is usually less in light- 
load than in high-load applications. 
High loads seldom cause wear problems 
unless design weaknesses cause scuff- 


Surface 


ing because of distortion or destruction 
of the oil film by hot spots. 

Frequency of Use is one of the most 
important influences. Engines operated 
the most miles per year have the low- 
est rates of cylinder and ring wear 
On the other hand, low annual mileage 
usually means short runs, more starts 
per mile and detrimentally low operat- 
ing temperatures; the sensitivity of an 
engine to this type of wear is largely 
determined by its warm-up rate 

Airborne Dirt is a chronic cause of 
excessive ring wear. Proper mainte- 
nance and design of filter equipment 
is essential to avoid it. Prevention of 
air leaks between filters and engine is 
also imperative. Dirt in the lubricating 
oil is a less frequent problem but de- 
sign and maintenance of oil filters and 
seals is a vital consideration 

Ring Metals. Gray cast iron is the 
most widely used metal for compres- 
sion and oil rings of all types. A rep- 
resentative specification is AMS 7310B 
(Table I). It has the best bearing 
quality of all the basic types and is 
universally used in compression rings 
which are not chromium plated 

A variety of materials is used for 
compression rings requiring high 
strength. These start at a minimum 
tensile strength of 65,000 psi for stat- 
ically-cast iron, and range to about 
90,000 psi for centrifugally-cast iron 
There are no SAE specifications for 
these materials. 1070 and 42100 steels 
are also used. 

Iron or steel of high strength is 
usually chromium plated. Because the 
fatigue limit of steel or cast iron is 
considerably reduced by plating, it is 
often necessary to specify high-strength 
varieties 

Chromium plate itself is a ring ma- 
terial, as it is used in sufficient thick- 
ness, usually 0.005 in., to last the life 
of the ring. Reduction in wear rate 
through the use of chromium plating 
amounts to about 75°) for both rings 
and cylinders, but chromium plate can- 
not be run against itself. Shromium 
plating is widely used in compression 
rings of all types, in oil rings of the 
steel-segment type, and is beginning to 
be used in the conventional ventilated 
type of cast iron oil rings. It has 
been adopted for lighter service in pas- 
senger cars, heavy-duty diesel engines 
and natural gas engines 

The steel-segment or steel-rail types 
of oil rings are almost always made of 


Surface 


‘ Fig. 8. Surface and Edge of Porous Chromium Plating on 
Gray Iron. Pin-point type of porosity after honing. x 100 Steel. 


Channel type of coating after honing. y 100 
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Fig. 9. Mushroom Type of Tappet 


1070 to 1095 steel, and are either chro- 
mium plated or unplated. 

Finish on piston rings depends on the 
type of ring and the requirements for 
accuracy, scuff resistance and run-in. 
Thread finishes varying from 0.0001 to 
0.002 in. deep are used on both chro- 
mium plated and unplated iron rings. 
Deep threads give greatest scuff resist- 
ance and most rapid development of 
full bearing; shallow ones give best 
initial oil economy. 

Chromium plated rings are usually 
lapped or plated so as to be porous on 
the surface and thus prevent excessive 
wear-in time and improve scuff resist- 
ance. This is true of either smooth or 
thread finishes. Unplated iron rings 
are lapped for some applications re- 
quiring high initial accuracy. 

Surface Treatments to prevent scuff- 
ing during run-in may be metallic or 
nonmetallic. The metallic types have 
high scuff resistance or low melting 
points that enable them to flow off 
high spots. The nonmetallic materials 
alleviate scuffing by serving as con- 
taminants that prevent surface weld- 
ing. Metallic coatings in current use 
are tin and cadmium. Nonmetallic 
coatings are iron oxide (Fe,O,), phos- 
phates or sulfides, all supplied under 
various proprietary names. 


Pistons 


All passenger car engines now have 
aluminum alloy pistons because of their 
low weight (inertia) and high thermal 
conductivity. Aluminum has the dis- 
advantage of high embeddability ‘ability 
to embed dirt), which is an important 
cause of wear in abrasive climates. 
The grooves are sometimes nickel 
plated, or cast inserts are used. Im- 
mersion tin plating or anodizing is 
common, to reduce break-in and wear 
of aluminum alloy pistons. The alumi- 
num alloy most used is D132, whose 
composition is shown in Table I. 

Pistons in other types of engines are 
made of aluminum, gray iron or malle- 
able iron of various compositions and 
hardnesses. 


Camshafts and Tappets 


The tappet is a member sliding in a 
guide, interposed between the cam- 
shaft and the push rod in overhead 
valve engines, or between the camshaft 
and valve stem in L-head engines. 
Both the mushroom tappet shown in 
Fig. 9 and the barrel type shown in 
Fig. 10 are used extensively in me- 
chanically adjusted tappets and hy- 
draulic lifters. 
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Combinations of camshaft and tappet 
metals in common use are: 


1 Cast iron camshaft and hardened steel 
tappet. Where surface stresses are 
low, this combination will be the least 
expensive. A hardened cast iron cam- 
Shaft may fail rapidly if the tappet 
face is roughened by spalling or 
seizure 

2 Steel camshaft and chilled iron tappet. 
A steel camshaft will generally sur- 
vive contact with a damaged tappet 
face. The use of chilled iron for the 
tappet would be dictated by relatively 
high loads 

3 Cast iron camshaft and chilled iron 
tappets have also been used for many 
years 


A, 
KZA 4 Cast iron camshaft and hardened gray 


iron tappets are a relatively new com- 
bination. 


Camshaft Metals. Hardenable gray 
iron camshafts are the most widely 
used. One popular grade is a Cr-Ni-Mo 
iron with total carbon about 2.00% 
and enough combined carbon (0.60 to 
1.2%) to give Rockwell C45 to 50 on 
the surfaces after hardening. Iron 
cast with a controlled chill may be 
used without subsequent hardening. 

Steels may be water-quenched car- 
bon steels, oil-quenched alloy steels of 
0.50 to 0.70% C, or a carburizing grade. 
Heat treatment is either conventional 
through hardening, or selective flame 
or induction hardening. 

Tappet Face Materials. Steel tappets 
are either hardened, or carburized and 
hardened. If uncarburized, they are 
usually 52100 or high-carbon molybde- 
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Fig. 10. Barrel Type of Tappet 
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(a) With No Deflection 


Flat Face Tappet 
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num steels of the 4000 series; carburized 
tappets are most often made from alloy 
steels such as 5120. Steel tappets fail 
by scuffing or rapid loss of surface. 

Cast iron for tappets is usually one 
of four types: 


1 Chilled cast iron, with or without al- 
loying elements for chill control and 
body strength, permits the highest 
loads of any metal against a steel cam- 
shaft. Its mode of failure is generally 
by fatigue, pitting or spalling and only 
rarely by scuffing or wear. The pitting 
tendency may be increased by some 
lubricant additives. Chilled iron tap- 
pets run well against both steel and 
hardened cast iron camshafts 

2 Hardenable gray iron is relatively new 
and is similar to that used for cam- 
shafts. Lubricant additives improve 
its resistance to wear and scuffing 
Failure is by scuffing and rapid loss of 
surface For successful operation, 
hardenable gray iron requires ex- 
tremely close control of graphite size 
and dispersion, combined carbon con- 
tent and dispersion, and heat treat- 
ment 

3 Puddled chilled iron on a steel back- 
ing has the advantage of the wear re- 
sistance of chilled iron combined with 
the high strength of a steel body. This 
combination is obtained by melting a 
disk of cast iron on the steel face, by 
means of an open d-c are and a Car- 
bon electrode. 

4 Mottled hardenable cast iron is inter- 
mediate between chilled iron and 
hardenable gray iron. It is cast with a 
hypereutectoid content of combined 
carbon (often 15 to 2.0) and is sub- 
sequently hardened by quenching from 
1550 F. 


Finishes, Tappet faces are usually 
finished to about 6 micro-in. In a few 
applications, shot peened steel tappet 
faces seem to retain lubricant slightly 
better. Oxide coating of superfinished 
tappet faces on chilled iron or phos- 
phate coating of hardened steel or gray 
iron, improves frictional qualities and 
accelerates wearing-in. super- 
finished surface is slightly roughened 
by this treatment. Cam surfaces are 
usually slightly rougher than the tap- 
pet surface, and are sometimes phos- 
phated for the same reasons as tappets 
Polishing a cam surface that is too 
rough after grinding may mean the 
difference between success and failure 
of a cam-tappet combination. 

Design. Contact stress is at a min- 
imum with perfect alignment as shown 
in Fig. 1l(a). Misalignment and de- 


(b) With Deflection 


Spherical Face Tappet 
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(c) WithNo Deflection 


(d) With Deflection 


Fig. 11. Effect of Contact Pattern on the Stress on Tappet Face 
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celeration and Inertia 


Opening Cam Angle,deg 


Fig. 12. Stress on Tappet Face Versus Cam Angle 


flections can result in an extremely 
high stress in a small area of the flat 
tappet face during operation, as indi- 
cated by Fig. 11(b) 

Figure 12 shows theoretical curves 
for stress versus cam angle for chilled 
iron tappets and steel cams. Similar 
relations can be worked out for other 
combinations, but are valid only when 
conditions at the area of contact are 
under control. 

A spherical tappet face of 30 to 60-in. 
radius, as illustrated in Fig. 1lic) and 
1l(d), avoids the high stresses of out- 
right misalignment, but stresses exceed 
those accompanying true alignment 
and flat faces. A recent design solution 
to the misalignment problem, when 
stresses are too high for a spherical 
face to be used, is shown in Fig. 13. 


Valves 


An exhaust or intake valve is made 
of a single steel, rather than a com- 
posite, wherever possible, to reduce the 
cost of manufacture. For intake valves, 
and for exhaust valves up to about 
1000 F, alloy steel 3140 is in general use. 
Steels 5150, 8440 and others have been 
used as alternates. 

To reduce wear of the valve face by 
scaling, the stem may be of low-alloy 
steel welded to a head of more heat- 
resistant alloy. Table II, on page 563 
of the 1948 Metals Handbook, lists 21 
heat-resistant steels used for exhaust 
valves, and the notes in the table ex- 
plain the principal differences in appli- 
cation among the different types. 

Hot dip aluminum coating of exhaust 
valves made of highly alloyed steel can 
double service life. When austenitic 
steels are required for high-temperature 
strength and reduction of wear, it is 
frequently necessary to weld on a 
hardenable stem, to reduce scoring and 
scuffing in the valve guide: 

The stem is usually ground to a 12 
to 40-micro-in. finish; rougher surfaces 


are sometimes preferred as an aid in 
lubrication; shot peening increases 
surface roughness and hardness for 
improved wear resistance. Under ex- 
ceptional conditions, stems are chro- 
mium plated. 

In certain engines, corrosion of the 
valve stems by hydrobromic acid from 
the fuel can be prevented by using a 
13°, Cr stainless steel stem, welded to 
an austenitic head 

Tip hardness of Rockwell C 38 to 41 
is satisfactory for moderate duty; for 
greater wear resistance the maximum 
is Rockwell C50. When tip wear is 
more severe, a separate hardened tip 
of steel such as 52100, hardened to 
Rockwell C 60, can be used. 


Valve Seats 


The lowest-cost seats are produced 
by finishing the soft cast iron of the 
cylinder block or cylinder head. When 
a nonleaded fuel is used, valve seats 
must be more carefully considered be- 
cause tetraethyl lead in gasoline de- 
posits a protective coating of lead salts 
on valve seats and valve faces. When 
a soft cast iron seat is not suitable, a 
separate insert of hardened cast iron 
is the next best selection. Weld de- 
posits or castings of cobalt-base or 
other hard-facing alloy are used for 
still greater wear resistance. A high- 
alloy valve and a cast cobalt-chromium- 
base alloy seat-insert represent an ex- 
ceptionally good combination. Thermal 
expansion of alloy seats must be simi- 
lar to the holder material 

At best, exhaust valve seats may 
wear rapidly in heavy-duty engine: 
Devices to rotate the valve are available 
and help reduce wear. 


Valve Guides 


Valve guides are usually made from 
pearlitic gray iron having no free fer- 
rite Improved wear is obtained by 
coating the guides to produce an iron 


oxide or phosphate coating, both of 
which etch the surface to develop pits 
for lubricant and add a nonmetallic 
layer that reduces scuffing and rubbing 
wear, 

Bronze guides serve in exceptional 
circumstances where much heat is re- 
moved through the valve stem, as in 
sodium-cooled valves. A common ma- 
terial is SAE 701C, a_ high-strength 
aluminum bronze of good corrosion 
resistance and low coefficient of friction 
against steel. 

Lubrication is improved by reaming 
valve guides to provide shallow grooves 
to retain the oil. A broached surface 
is too smooth for oil retention 


Piston Pins 


The wear of automotive piston pins 
is readily controlled by proper design, 
lubrication, steel selection and heat 
treatment. Other engine parts usually 
wear out first. Pin wear of 0.001 to 
0.002 in. makes a noisy engine but re- 
sultant failure is almost unknown. Be- 
cause of thin oil films and boundary 
lubrication, pins are finished to 4 to 8 
micro-in. to reduce wear. No matter 
how carefully piston pins are ground, 
a thin layer of metal should be lapped 
off, to insure freedom from scuffing 
and to prevent early increase of di- 
mensional clearance between piston pin 
and bushing. 

For designs requiring improved lubri- 
cation or special bearing materials to 
resist unusual loads, the piston pin may 
be roughened by grit blasting before 

grinding, to create 

— small pits in the sur- 

face for retaining 
{ lubricant. 

Steels. Piston pins 
are made of 1117, 1016 
or 5115, carburized 
i 0.030 to 0.040 in. deep 
and hardened to 
Rockwell C60. This 
hardness must be re- 
tained on the final 
surtace, 

Piston pins are oc- 
casionally worn by 
Fig. 13. Self- corrosive attack by 
Aligning Flat water or condensate 
Face Tappet in the lubricant 

Chromium plating 
has been used to reduce the attack, but 
it is better to raise the oil temperature 
enough to evaporate the water. 

Design for Least Wear. The outside 
diameter of the piston pin is normally 
about '; to ', of the piston diameter, 
and the bearing widths in the piston 
and connecting rod are made as long 
as possible to provide maximum bear- 
ing area. A straight hole for the full 
length of the pin, rather than holes 
tapered at the ends, as formerly, to- 
gether with sufficient wall thickness, 
gives maximum stiffness to prevent out 
of-roundness and thereby insures the 
most uniform bearing load 

The two designs for the small end of 
connecting-rods—the full-floating pin 
and pin fixed in the rod to increase 
bearing area in the pistons—both show 
acceptable wear in tests and service 
For the high compressive loads of 
diesel engines, the small end of the 
connecting rod may be tapered, with 
the narrowest part at the top so that 
the compressive areas of both the rod 
and piston bearing are elongated 
Oil must always be available at the 
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SAE ASTM 


Common Name 


Pable IT. 


Nominal Composition, % 
Cu Sn Pb Fe Zn or P 


Bearing and Bushing Bronzes 


Al Remarks 


Cast Bronzes 


68B B148-52, 9B . Aluminum bronze 88 15 
65 B139-52,D ..... Phosphor bronze 49 11 025 P 
64 144-52, 3A_ ....High-leaded tin bronze 80 10 10 
660 B144-52, 3B . -High-leaded tin bronze 63 7 7 3 Zn 
67 B144-52, 3D . .High-leaded tin bronze 78 6 16 
Wrought Bronzes 
795 . «+-Bronze 90 05 95 Zn 
791 B139-52, B2 .Phosphor bronze 88 40 40 40 Zn 


bushings. 
fed through a hole in the connecting 
rod, from the crankshaft to the bear- 
ing. Many successful designs have one 
or more holes in the small end of the 
rod to obtain oil from the general 
splashing within the engine Case. 
Grooves which run the length of the 
bearing areas and take oil from the 
oil-scraper rings or the splashing lubri- 
cant are frequently used. 

Oil grooves and holes should be lo- 
cated only after the areas of minimum 
loading have been properly determined 
in each design, to allow for dynamic 
oil films and to decrease wear. An 
exception to this rule is found in piston 
pins for two-cycle diesel engines, where 
loads do not reverse and prevent gen- 
eration of dynamic oil films. An ex- 
cellent solution has been to space axial 
oil grooves equal to the distance trav- 
eled by the surface of the pin during 
each revolution of the engine. This 
exposes the entire surface of the piston 
pin to a groove for relubrication during 
each engine revolution. 


Piston Pin Bushings 


Piston-pin bushings are usually of 
bronze or, in heavy-duty applications, 
of silver. The use of steel-backed 
bronze bushings is increasing because 
of their lower cost and greater tight- 
ness in the hole. Most piston pin 
bushings are made from rolled bronze 
such as SAE 791; cast bushings are 
also used. In general, more lead and 
less tin and zine will improve anti- 
friction qualities, whereas increased tin 
content will improve strength and wear 
resistance. Table II lists popular 
bronzes, both cast and wrought. Com- 
mercial variations of these have addi- 
tions of phosphorus and nickel to im- 
prove soundness and wear resistance. 

Corrosion of the bushing by the lu- 
bricant is of two varieties. First. acids 
formed in the lubricating oil by oxida- 
tion may preferentially corrode differ- 
ent elements in the bronze. Certain 
acidic oils will dissolve the lead, where- 
as other unsuitable lubricants will 
attack the copper in SAE 60 or 67 
bronzes. Aluminum bronze SAE 68B 
has been used to minimize such cor- 
rosive wear. 

A second type of corrosion is the 
attack of copper or silver by active 
sulfur in the lubricant, forming a sul- 
fide which is then rubbed off. Both 
these conditions can be corrected by 
use of the proper oil and reduced oil 
temperature. 
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Frequently, the lubricant is 


Crankshafts 


Wear of crankshafts is caused pri- 
marily by foreign matter in the lubri- 
cating oil. Cleaning of the engine 
casting before assembly and the intake 
air during operation are as important 
as selection of the journal steel. The 
best solution is to use a full-flow oil 
filter that will remove particles (down 
to 25 microns or less) of sand and 
other abrasive matter. 

Crankshafts are usually made of 
hardenable steel, such as 1045 at about 
250 Brinell. Nodular iron or other cast 
alloys, when used, are also specified to 
about the same hardness. Hardening 
of bearing surfaces is usually done by 
induction heating. This reduces wear 
on the bearing, apparently because 
very hard particles cannot so readily 
embed in the shaft and wear the soft 
bearing metal. 


Bearings 


Bearing materials are selected for 
anti-score characteristics, fatigue resist- 
ance, corrosion resistance and wear, as 
described in the article “Bearing Ma- 
terials”, page 745 of the 1948 Metals 
Handbook. Because dirt cannot always 
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10.5 High load 


very low speed 
excellent corrosion resistance 

Heavy load, low speed 

Heavy load, moderate speed 

Medium load, medium speed, 
general use 

Medium load, high speed 


Heavy load, low speed 
Medium requirements 


be eliminated, wear may be reduced by 
the use of the tin or lead babbitts, in 
which the dirt particles may embed to 
be kept out of circulation. The com- 
monest type of engine bearing is either 
lead or tin babbitt on a_ steel back. 
Very thin‘ layers (0.001 to 0.002 in.) give 
long life on bearings of normal size. 
For larger’ bearings, 0.005 to 0.008 in. of 
babbitt is better. Many of these larger 
bearings have cast iron backs. 

A stronger bearing material is fre- 
quently needed, such as copper-lead or 
Silver. Both will have high wear rates 
if the oil is not clean, and silver should 
not be used where hard particles like 
sand may be present. The most effec- 
tive compromise is to use a very thin 
layer of lead babbitt (for embeddability) 
over a fatigue-resistant material, such 
as copper-lead or an aluminum alloy. 
An overlay as thin as 0.0005 in. will 
reduce journal wear caused by opera- 
tion of the engine in dirty air. Small 
changes in composition of the overlay 
are not important. 

Bearings of the steel-backed copper- 
nickel-matrix type are used extensively 
also. 

Abrasive wear of journals is reduced 
by a circumferential oil groove, prob- 
ably because many of the dirt particles 
can escape through the unloaded side 
of the bearing. On the other hand, an 
axial groove not continued to the edge 
of the bearing may increase the rate 
of journal wear. 


Water Pump Shafts 


Wear in water pump shafts is a 
good example of a problem eliminated 
by “designing around it”. Formerly, 
water pump design usually combined 
the seal and bearing in which wear 
occurred by a combination of abrasion 
and corrosion, because the shaft, usu- 
ally of carbon steel, and the bearing 
ran in a mixture of lubricant and cool- 
ant, resulting in rapid wear. Several 
new designs had only partial success. 
Free-cutting stainless steel 416F alle- 
viated the problem prior to wartime 
allocations, at which time carbon steel 
shafts with 0.002 in. of hard chromium 
plate were substituted. 

In present design, a 
steel, carburized and hardened, is 
rotated on double-row ball bearings, 
packed with grease and sealed for life- 
time lubrication, and separate seals 
keep the coolant away from the bear- 
ings. This design has diminished shaft 
wear to the point where it is no longer 
a problem. 
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Effect of Stress Coneentration 
on Design Strength 


By the ASM Committee on Stress Concentration 


THE STRESS DISTRIBUTION in a 
machine part is usually complex. Local- 
ized high stresses occur at any sudden 
change of section, such as at fillets, 
threads, keyways and grooves. This 
localization of high stresses caused by 
the shape of the member is called 
“stress concentration”. The effects of 
stress concentration are of vital con- 
cern to engineers and designers 

This article describes a method for 
analyzing design and metal jointly to 
produce a component to withstand 
service stresses 

Failures in high-duty machines are 
often caused by fatigue and are nearly 
always influenced by stress concen- 
tration.' (Fig. 1 and 2.) In a recent 
aircraft manual’ over 50 failures origi- 
nating in regions of stress concentration 
are cited; most are fatigue failures 
‘Fig. 3). A Bureau of Aeronautics pub- 


lication ‘Navair Sm-32) states, “Such 
(fatigue) difficulties are almost always 
traceable to improper design, fabrica- 
tion, and maintenance... By studying 
stress concentration factors much can 
be learned about how to produce designs 
that are superior from the standpoint 
of resistance to repeated loads .. .” 
The effect of stress concentration is 
strikingly illustrated in Fig. 4, page 
100; note that each tool has stamped 
numbers “617” and that each crack 
starts at a number “1” in the tool 
Although repeated loading is the most 
important condition where stress con- 
centration is damaging, there are also 
instances of static and impact loading 
where metal behaves in a brittle man- 
ner. Multi-axial stress limits deforma- 
tion and increases danger from stress 
concentration. Under  creep-rupture 
conditions at high temperature, a 


Fig. 1 


Fig. 2. 


Torsional Fatigue Crack in a Machine Shaft 


Fracture of Solid Coupling at Sharp Recesses for Bolt Heads 


notch can be quite damaging and allow- 
ance must be made in design. Ship 
hull failures have occurred in a brittle 
manner, usually at low temperature; 
one of the main improvements has 
been rounding of the hatch corners to 
alleviate stress concentration. 


Definitions and Basic Concepts 


The definitions used here are from 
the ASTM Manual on Fatigue Testing.‘ 

Nominal Stress, S, or -,, is the stress 
computed by use of a simple basic 
formula, omitting stress concentration 
For tension, S P A where P — load 
and A net area {see ‘b) in cut be- 
low!]. For bending, S, — M/‘1/c), where 
M bending moment and / c — section 
modulus [see (a) and ‘c) in cut be- 
low!. For torsion, T ‘J c), where 
T torque and J c¢ © section modulus 
in torsion 


Stress Concentration Factor, K,, is 
the maximum stress existing at a 
region under study divided by the 
nominal stres 
and for torsion 
S, Tr 


K, 


Stress concentration factors, K,, are 
theoretical factors based on the usual 
assumptions of the theory of elasticity 
‘Hooke's Law, homogeneous and iso- 
tropic material). For certain simple 
shapes, mathematical solutions are 
available; photoelastic tests on trans- 
parent models agree with these solu- 
tions, and stress concentration factors 
have also been obtained by this means 
for many parts or structures too com- 
plicated for mathematical solution 
Methods of analogy have also been 
used for determination of stress con- 
centration factor For bars of various 
cross section subjected to torsion load- 
ing, the soap film analogy method’ and 
the electrical analogy method’ have 
been successfully utilized. Charts of K, 
values are given on the next two page 
and in Fig. 5 and 6: 


Supplements the section on De- 
sign Factors in the article on 
Service Failures, pages 243 to 245 
of the 1948 ASM Metals Handbook 
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Fig. 3. 
Wing Spar. 
at F; 
Bottom 
to 
followed fatigue fracture from f to 
f,, but thence through bolt hole. 


Fatigue Failure of Airplane 
Top-——Fatigue fractures 
tensile fracture area at T. 
Another view; crack f to 
is fatigue; tensile fracture 


The Combined Factor, K,’, is a theo- 
retical factor’ taking account of stress 
concentration and the Mises criterion 
of failure for ductile metals. 


where c — S,/S,, the ratio of principal 
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On pages 98 and 99 are given K,’ 
factors for various basic configurations 
of design interest.” Since K,’ = K, for 
uni-axial stress, as can be seen from 
the above equation (S, and c= 0), K, 
should be used for sheets where t/r is 
small (t =,sheet thickness, r= notch 
radius). For torsion also, K,’ = K,. 

Fatigue Notch Factor, K,, is deter- 
mined by fatigue tests only. 


Sy 


where S, — fatigue limit or fatigue 
strength at a specified number of cycles, 
for an unnotched specimen, and 

S,, —fatigue limit or fatigue 
strength at the same specified number 
of cycles, for a notched specimen. 


Notch Sensitivity, g, represents the 
degree to which the theoretical effect is 
actually obtained, and is defined as 


Fig. 4. 
All of 
fatigue at the point of stress con- 
centration caused by the stamped- 


Fatigue Failure of Chisels. 
these chisels fractured in 


in numeral 1 in the identifying 
number 617 on each chisel. 


Application to Design 


Brittle Metals. As the distinction be- 
tween brittle and ductile metals is usu- 
ally indefinite, an arbitrary dividing 
line is often taken —sometimes 5% 
elongation in a standard tension test, 
sometimes lower (for example, 1°). 


stresses at the location of failure qa Be) og Er), The effects of temperature, high or 
< K,-—1 K,’-—1 low, and state of stress are often such 
30 ] 
Stress Concentration Factor, Ky Stress Concentration Factor, K;, 
28 
for a Finite Width Plate with a for a Shaft with o Transverse 
T sverse Hole in Tension 
26 | 
| 
ol 
Tt M é 
‘ , 
G ) ) 
1 4 
| 
18 Smax _ Smax 
Ky Based on Net Section Ky* —¢~~ Based on Net Section 
n 
Sp * _(approa) 
Sn ~ n od? Pp 
| | 
Ol 02 03 06 Oo7 O 004 008 0/16 02 024 028 
Ratio of Transverse Hole Diameter to Plate Width, 1 Ratio of Diameter of Transverse Hole to Shaft Diameter, % 
Fig. 5. Stress Concentration Factor for a Plate of Finite Fig. 6. Stress Concentration Factor for a Shajt with a 


Width with a Transverse Hole (Tension) 


METAL PROGRESS, PAGE 100 


Transverse Hole (Bending) 


— 
2 
| 
“fa 
a 
d 
a 
ia} | 
me 
4 


+ 
| 
| 
| 


Reference 


Found Bars / 
3 n. Sheet 
in. Sheet 
in. Sheet 


0,04 0.08 O12 O16 020 


Notch Radws,r, in. 


Fig. 7. Notch Sensitivity 


of Aluminum Alloy 24S-T4 
Bar and 24S-T3 Sheet. 


Completely reversed arial loading 


as to cause a “tough” metal to fail in 
a brittle manner. Where brittle be- 
havior is possible, it is well to be on 
the safe side by using K, in stress cal- 
culations for static or vibratory loading. 
Exceptions to this rule are usually 
based on detailed knowledge and tests. 

Ductile Metals. For metals that are 
ductile in the sense implied in the pre- 
ceding paragraph, it is not customary 
to apply K, for static loading. For 
vibratory or fatigue loading, the 
strength of a member is lowered by an 
amount which depends on notch acuity 
and the metal. 


of metal and in 


gradient, the drop in 


sensitivity is higher 


metal than for coarse-grained." 
Fig. 
notch sensitivity, g, are plotted against 
r, for 24S-T aluminum 
alloy for completely reversed axial load- 


Notch Sensitivity Light Alloys. 


In 
The degree to which a member is notch 
affected by stress concentration is 
known as “notch sensitivity”, g, which 
is defined above in such a way that 


radius, 


differences in processing a given type 
the 
finishing of specimens, a considerable 
scatter of data is to be expected. 

For various metals, one would expect 
that grain size would be an important 
factor in determining notch sensitivity. 
For example, in the presence of a stress 


highest stressed grain would be less for 
a fine-grained metal and would result 
in higher notch sensitivity." Tests have 
shown that for the proportions used in 
a variety of machine parts, the notch 4q 


; 

} 

0.04 O08 it Oe One 
Notch Radius,r,in 


Fig. 8. Notch Sensitivity of Normalized 1020 and Nickel- 
Molybdenum Steels. Rotating beam specimens 


ing to 10 million cycles” "' The data 
show a large amount of scatter, which 
may be caused partly by alignment dif- 
ficulty in axial testing and partly by the 
necessity for providing auxiliary means 
of preventing buckling in completely 
reversed testing of sheet. Even though 
the scatter is large the qg values for 
sheet specimens seem to be lower on 
the average than. the gq values for 
round bars, which would be expected 
from statistical considerations It is 
recommended that the designer use 
1 for bars or large sections even 
when they have fillets of small radii. 

It has been suggested” that many of 
the high-strength wrought aluminum 
alloys, such as 148S-T, 61S-T and 
75S-T, have fatigue notch factors sim- 
ilar to those for 24S-T. 

Fewer data are available for magne- 
sium alloys than for aluminum alloys. 


machining and 


stress across the 


for fine-grained 


7 values of 


when K, 1, or no notch effect, q = 0; 
and when ‘or K,’), or full 12 
theoretical notch effect, This 


Fatigue notch sensitivities from flexure 
tests” are within the scatter band 
shown in Fig. 7. 


definition provides a scale of 0 to 1 |;/ 
with which to evaluate test data ac- ~ 
quired from pieces of different size, 
shape and metal. 

For a given metal, one would expect 
that K, ‘or K,’) and the minimum 
notch contour radius, r (which in turn 
determines stress gradient), would be 
the principal variables affecting gq. 
However, gq depends much more on r UU4 
than on K, ‘or K,’') and some fairly 
reasonable curves" have been obtained 
for gq versus r. When one considers the 


Fig. 9. 


Rockwe Hardne 


Fig 10. Fatigue Limit of Oil Quenched and Tempered 
Alloy Steels, Unnotched rotating beam specimens 


; Scatter Bands 
Under Alternating Bending 


Annealed or Normalized Steels 
found in railway axles, large rotors, 
pressure vessels, shafting and many 
other parts. In Fig. 8 is shown a plot 
of q versus r for typical data." ” 
The basic S, value for unnotched speci- 
mens corresponds to conventional small 
specimens (0.3-in. diam for rotating 
= beam). The size effect for unnotched 
¢ oF specimens over a range from 03 to 2 
in. is rather small." 

Quenched and Tempered Steels are of 
prime importance for highly stressed 


are 


» 


for Steels 


Fockwe hardne 


Fig. 11. Fatigue Limit of Notched Rotating Beam Speci- 
mens of Oil Quenched and Tempered 4063 Steel 
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Fig. 13. Fatigue Data for Steels Under Completely Reversed Axial Loading 
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Fig. 14. Fatigue Data for Steels Under Rotating Beam Bending 
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machine parts. The data generally 
show greater scatter, so that experi- 
mental determinations become more 
difficult than for softer steels. A rough 
idea of relative scatter bands for steels 
is given in Fig. 9. 

A survey of existing data on quenched 
and tempered steels indicates that, ex- 
cept for very small notch radii (of the 
order of 0.005 in. or less), a fatigue 
strength is obtained with notched spec- 
imens which corresponds on the aver- 
age to dividing the fatigue limit for 
unnotched specimens by a theoretical 
factor, K, or K,’. The scatter is so 
great that K, and K,’ have been ap- 
plied by various investigators; it seems 
that, although K, is on the safe side 
and may be applicable for quite brittle 
steels, K,’ is in better general agree- 
ment with test results 


S; 
K,’ 

This corresponds to q=1, or full 
notch sensitivity. From a scientific 
viewpbint such a generalization would 
be too inclusive. From the designer's 
standpoint, however, it appears that 
taking q =1 is reasonable in view of 
the information now available. 

In Fig. 10 are shown fatigue limits 
for unnotched specimens of a group of 
six steels, oil quenched and tempered 
to various hardnesses."*" The straight 
line shown corresponds to the follow- 
ing rough rule which does not apply to 
inetal at high hardness (shaded regions 
of Fig. 10): 


S, = 2000(R,. + 10) 
where R,. = Rockwell C hardness 


= 


In Fig. 11 fatigue data’ are given for 
oil quenched and tempered SAE 4063 
steel for notched specimens (three 
notch radii). The straight lines for the 
notched specimens correspond to the 
following relation with K,’ — 1.68, 2.02 
and 2.26 for notch radii of 0.035, 0.020 
and 0.015 in., respectively: 


_ 2000(R,. + 10) 


It can be seen from Fig. 11 that the 
lines and plotted points (data) are in 
fair agreement for low and interme- 
diate hardnesses, and the lines are on 
the safe side for high hardnesses. 
Note that the drooping characteristic 
at high hardness shown in Fig. 10 is 
much less pronounced in Fig. 11, prob- 
ably because of stress-volume consid- 
erations. This means that while the 
relation for S, for unnotched specimens 
is rather limited, the relation just given 
for S,, for notched specimens can ap- 
parently be used in design to cover the 
entire useful hardness range. Critical 
members nearly always involve stress 
concentration and, as shown by Fig. 11, 
full notch sensitivity (q = 1) is obtained 
for quenched and tempered steel. The 
data of Fig. 10 and 11 are in general 
agreement with data from other 
sources.’ 

Various Metals. A summary of the 
average curves for the three foregoing 
types of material is given in Fig. 12 
Some values for other ductile metals 
have been published: copper, brass and 
nodular cast iron,’ stainless 
steel,“ gas turbine alloys™”™” and 
titanium.” 

Effect of Diameter. The results cited 
above for quenched and tempered steels 
apply to one diameter, 0.3 in. For large 
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diameters the {fatigue limits are usually 
lower for both unnotched and notched 
members; the decrease is probably 
caused by residual stresses.* 


Combined Steady and 
Alternating Stress Components 


Any stress variation from S,,,, to 
Siu. May be considered to consist of 
two components—a steady component 
S, and an alternating component, S,. 


S, 


S, 


For a ductile metal, designers cus- 
tomarily apply K, to the alternating 
component only.“ For brittle metals, 
or any condition leading to brittle be- 
havior, K, should be applied to both 
steady and alternating components, to 
be on the safe side. 


Notch Effect for a 
Limited Number of Cycles 


As can be seen from Fig 
the effect of a notch decreases from 
the limiting condition as the number 
of cycles, N, decreases.“ Some simple 
design rules have been proposed™ on 
the basis of a linear reduction with log 
N. For aluminum alloys it has been 
suggested” that K, be used up to a 
value of (% yield strength’K,) and 
that a linear reduction be used above 
this value for the smaller number of 
cycles; from available data this recom- 
mendation appears reasonable. 


13 and 14 


Reducing Effects 
of Stress Concentration 


Detail design can often be improved 
by altering the dimensions of a mem- 
ber in such a way as to achieve a less 
abrupt flow of stress at a critical sec- 
tion. For examples’ see Fig. 15. 

Certain mechanical processing meth- 
ods used to strengthen the surface of a 
member ‘shot peening, surface rolling 
and other surface working methods) 
are discussed in the next article. Case 
hardening,” nitriding” and other heat 
treatments can also be considered in the 
general category of surface strength- 
ening methods. Strengthening is due 
partly to structural change and partly 
to favorable residual compressive 
stresses. From the standpoint of de- 
sign, surface strengthening methods 
are of limited effectiveness in the ab- 
sence of stress concentration ‘(or de- 
carburization). Consequently, conven- 
tional fatigue tests of unnotched speci- 

‘Since application of data from 
mens of 0.3 in. diam to larger 
would be on the “unsafe side”, 
sion is attempted, for 
purposes only, of the relation for Sx, based 
on a 10% drop" of unnotched fatigue limit 
per inch of diameter (from 0.3 in. diam) for 
Re 30, a 20 drop at R« 50, and for 
other hardnesses in linear proportion: 


speci- 
diameters 
an exten- 
design estimation 


Ser 
2000 


he 


[Re + 10) (14 (0.1 Re 1) (0.3 — d) /20) 


for diameter, d, '4 to 1" in. 


This relation is 
When additional 
mens of large 


based on limited data. 
information for speci- 
diameter available, 
the appropriate constants in the above re- 
lation can be easily modified. 


becomes 


mens do not reveal the full potential- 
ities of these methods for strengthen- 
ing actual parts." For the relatively 
steep gradients usually found at regions 
of stress concentration in machine 
parts, the foregoing methods of surface 
working, if properly carried out, are 
very effective in increasing fatigue 
strength. Examples are given in the 
next article in this Supplement. 
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Fig. 15. Examples of Improved De- 
sign for Better Stress Distribution. 
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Shot Peening and 
Other Surface Working Processes 


By the ASM Committee on Shot Peening 


THIS ARTICLE describes shot peen- 
ing and three other working processes 
for improving the fatigue resistance of 
manufactured parts. It is intended as 
an aid in selecting the most suitable 
process and in applying the processes 
in production. 

The origin of surface working goes 
back to early metalsmiths who im- 
proved the strength of their hand 
forged products by cold hammer peen- 
ing after forging. Not until 1929, how- 
ever, was it recognized that surface 
cold working by rolling increases fatigue 
resistance. In the same year, shot 
peening was first applied in a con- 
trolled production process by F. P. 
Zimmerli. 

Despite the emergence of surface 
cold working from a blacksmith’s art 
of unknown merit to a_ production 
process of proven value for increasing 
fatigue resistance, it was confined 
mainly to the spring industry until the 
outbreak of the second World War. 
The method was widely publicized dur- 
ing the war as a means for obtaining 
high fatigue strength in steel aircraft 
engine parts without the standard time- 
consuming and tedious practice of pol- 
ishing all surfaces. During and since 
the war, surface working has become 
widely accepted as a production process 
for increasing fatigue resistance. To 
date it has been used primarily to im- 
prove the fatigue strength of existing 
designs; in springs, however, its effect 
has been incorporated in new design 
calculations. Its use as a factor in re- 
design of other components appears to 
have good possibilities. 

Advantages of surface working to 
increase fatigue resistance of an exist- 
ing design are that (1) no design 
changes or modifications of other proc- 
essing are required; (2) the improve- 
ment is generally of a higher order 
than can be expected from improve- 
ments in surface finish or minor modi- 
fications in metal or heat treatment; 
and (3) the improvement in fatigue 
resistance is additive to other factors, 
notably reduced stress concentration 
and stronger metal. 

In new designs, surface working may 
save weight by raising allowable unit 
stresses, save money by using cheaper 
metals and heat treatments, and give 
the designer more latitude in achieving 
a simpler design. The process will not 
counteract the harmful effect of sur- 
face defects such as seams, laps and 
quenching cracks. 

Three basic changes generally occur 
in working the metal surface, and it is 
likely that all three are in part respon- 
sible for improved fatigue resistance. 


Supplements the Mechanical 

Processing section of the article 

on Service Failures, pages 249 to 

252 of the 1948 ASM Metals 
Handbook 
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In the first place the surface becomes 
stressed in compression, and can sus- 
tain higher cyclic stresses in tension 
without failure than neutral surfaces 
or those having residual tensile stresses. 
Secondly, the surface is strengthened 
by cold working. Finally, in some cold 
working processes, machining or grind- 
ing lines are obliterated, leaving a sur- 
face finish of improved stress-distrib- 
uting characteristics. 


Surface Working Processes 


Selection of a surface working process 
is based on the advantages and dis- 
advantages which follow. 

Shot Peening is a process in which 
shot of controlled size, shape and prop- 
erties is propelled at high velocity 
against the surface to be treated, for 
a specific time. It can be established 
and controlled better than the other 
methods. Differing parts can be han- 
died with only minor changes in fix- 
tures. Large areas (and all surfaces of 
some types of parts, such as springs) 
can be treated, usually at a high pro- 
duction rate. Sometimes shot peening 
eliminates separate descaling and de- 
burring operations. 

The process has two disadvantages: 
Areas where shot peening is not de- 
sired must be masked during the proc- 
ess, and the shot will produce a high 
rate of wear on metal fixtures and 
masks. 

Rolling of selected surfaces, such as 
the fillets of shafts, by suitable devices, 
exerts heavy unit pressure exceeding 
the compressive yield strength of the 
metal. 

Advantages are: The working action 
can be confined to a specific area of 
the part. Equipment may be simple: 
large shafts having only one area that 
requires the treatment, can be worked 
on the same lathe or other turning 
equipment used in shaping the part, 
with little investment in auxiliary 
equipment. For complex parts such as 
crankshafts, where masking of crank- 
pins and journals might be prohibitive 
for shot peening, equipment can be de- 
vised to roll all fillets simultaneously 
at a high rate. 

Disadvantages are: Establishing the 
procedure and controlling it are not so 
simple and exact as for shot peening. 
Furthermore, the process can be ap- 
plied only to surfaces of parts whose 
size and shape are adaptable to rolling. 


Hand or Mechanical Peening can be 
applied rapidly to small areas without 
affecting the rest of the piece, the only 
limitation being accessibility. Equip- 
ment is almost negligible in cost. How- 
ever, control must be left largely to the 
operator. Usually, this type of peening 
is applicable only to small surface areas 
and hole walls. 

Prestressing involves stressing a part 
beyond its yield strength, either stati- 
cally or dynamically, in the same man- 
ner that it will be stressed in service, 
thereby cold working the metal and 
leaving favorable residual compressive 
stresses at the critically stressed areas 
of the structure. In complex parts 
where surface finish must be main- 
tained on critically stressed broad sur- 
faces, or where the area is otherwise 
inaccessible, it may be the only appli- 
cable method. 

Disadvantages are: The part may be 
excessively distorted: control may be 
difficult; and the method is applicable 
only to ductile metals. Improvement 
in fatigue properties is usually less than 
for the peening or rolling methods. 


Extent of Improvement 


Gains in fatigue resistance are pro- 
portional to the amount of surface 
working, up to a certain maximum 
Although the surface can be “over- 
worked”, losing part or all of the bene- 
fits, the maximum improvement is ob- 
tained over a fairly broad range of 
cold work and overworking is rather 
easily avoided. 

In the absence of gross surface de- 
fects, surface working produces a fairly 
consistent high fatigue level, regardless 
of the original surface finish. There- 
fore, prior polishing or otherwise im- 
proving the finish is often unnecessary. 

Even slight decarburization appears 
to reduce the fatigue resistance of steel 
parts to a value consistent with the 
strength of the decarburized skin, re- 
gardless of the properties of the base 
steel. Surface working helps to cor- 
rect this, especially for shallow decar- 
burization. 


Residual Surface Stresses 


Grinding and welding may develop 
residual tensile stresses; straightening 
induces both tensile and compressive 
stresses; heat treating may produce 
either compression or tension. Thus, 
fatigue resistance to tensile cycles (as 
are usual) is affected favorably or ad- 
versely depending on whether the re- 
sidual stresses are compressive or ten- 
sile. Surface working produces a com- 
pressive surface stress, regardless of 
the initial stress pattern. Hence, if the 
existing stress is tensile, appreciable 
improvement may be expected; if the 
existing stress is compressive, the im- 
provement will be much less. 

Surface working is more effective on 
recessed stress raisers such as oil holes 
and fillets than on projecting stress 
raisers such as sharp projecting corners 
In fact, a decrease in fatigue resistance 
is possible after surface working sharp 
projections, indicating that they should 
be rounded off. 

Elevated temperatures produce stress 
relieving and tempering effects which 
may lower or entirely remove the bene- 
fits of surface working. Deleterious 
temperatures may be below 250F for 
some nonferrous metals, and 500 F for 
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most ferrous metals; the higher the 
temperature, the greater the loss. 

The surface layer accounting for in- 
creased fatigue resistance from surface 
working is quite shallow, and operations 
which remove part of this layer can 
appreciably reduce the benefits. The 
safest rule is to remove no metal after 
surface working. Subsequent straight- 
ening should also be avoided. 


Shot Peening 


The principal components of shot 
peening equipment are a shot propel- 
ling device, shot cycling equipment ‘in- 
cluding devices for the removal of 
spent shot and addition of new), and a 
work handling conveyor. All portions 
exposed to the shot stream are enclosed 
to confine the shot and permit it to be 
recycled. 

Propelling and controlling the shot 
stream are of major importance. Com- 
mercial machines are either air blast 
or centrifugal blast. The former in- 
troduce the shot, either by gravity or 
direct pressure, into a stream of air 
directed through a nozzle onto the work 
to be peened. 

In centrifugal blast machines, the 
shot is fed into a spinning wheel with 
radial blades, and is thrown from 
these blades by centrifugal force, in a 
fan shaped stream, onto the surface to 
be peened. 

Regardless of the type of shot pro- 
pulsion, all machines incorporate a 
mechanism for cycling the shot and 
for separating undersize or broken shot 
and replacing it with new. 

With few exceptions, some relative 
motion in addition to straight-line 
travel is necessary between the work 
and the shot stream for uniform peen- 
ing of anything but a flat surface. This 
is usually achieved by rotating the 
work in an appropriate manner. A 
simple flange or hub, for example, may 
be efficiently peened on a single rotary 
table revolved about a vertical axis 
directly under the shot stream. A more 
complicated part such as a ring gear 
may be placed on the outer edge of a 
rotating table while the gear itself is 
rotated relative to the table. The shot 
stream must always be directed so as 
to produce the desired coverage in 
critical areas of the part. 

Axle shafts, suspension coil springs, 
sway bars and crankshafts are most 
commonly moved through the shot 
stream on a series of rolls which rotate 
the parts about their own axis while 
they are passed under the shot. Many 
small parts, peened in large quantities, 
may be tumbled under a shot stream in 
a batch operation. Flat pieces, such as 
spring leaves, are passed through the 
shot stream on belt conveyors. 

Some portion of the part may have 


Table I. 


Steel Condition 
4052 
4052 
4052 
5150 
1340 
Bearing diam, in.; 


M. F. Garwood, H. H 
Service Performance 


Standard 
Standard 

Shot Peened 
Standard 
Standard 

fillet radius, in 


Fig. 1. 


to be masked, to prevent exposure to 
the shot, by fabric or rubber tape, 
steel or rubber fixtures, or a combi- 
nation. 


Quality Control of shot peening at 
the site of the operation can be estab- 
lished only through the properties of 
the shot stream itself, including shot 
characteristics, velocity and density, 
and through the duration and angle 
of impingement. 

Initially, these two factors are gen- 
erally established by trial and error 
New parts are experimentally shot 
peened and then fatigue tested until 
the optimum or desired fatigue prop- 
erties are established. 

Properties of the shot stream are 
evaluated and controlled through 
measurement of shot quality and blast 
intensity. Shot is generally of iron or 
steel, although some nonferrous and 
nonmetallic materials are used. Shot 
is classified according to size, generally 
varying from 1/64 to 3°32 in. diam 
Cast iron shot is available as balls 
Rockwell C 20 to 60 or harder. Steel 
shot is available as balls or short cylin- 
ders and may be cast, forged or cut 
from wire, all supplied in a wide range 
of hardness. Once the type and size 
have been established, quality of the 
new shot is maintained through sam- 
pling inspection for size, shape and 
hardness. 

Blast intensity is generally measured 
at the point of exposure of an actual 
part. Thus, it is not an inherent qual- 
ity of the shot stream but depends on 
the conditions of exposure. This prop- 
erty is referred to as “arc height” and 
is measured through the use of small 
flat test strips of steel, known as 
Almen strips, which are clamped to a 
solid steel block while one side is ex- 
posed to the shot. After exposure, the 
test strips will have a convex curvature 


Fatigue Tests of Taxicab Steering Knuckles 


Brinell 
Hardness 
Number 


Nominal Improve- 
Fatigue ment, 
Limit, psi % 


255 to 285 
285 to 321 
255 to 285 
255 to 285 
255 to 285 


33,000 

39,200 19 
42,200 248 
35,600 8 
34.000 3 


ZurBurg, M. A. Erickson, Correlation of Laboratory Tests and 
‘Interpretation of Tests and Correlation with Service’, ASM, 1951 


Almen “A” Test Strips Before 


and After Shot Peening (Full Size) 


on the peened side, as shown in Fig. 1 
The greater the blast intensity at the 
exposed area, the greater the curvature 
or are height of the Almen test strip 

Two thicknesses of strip are used: 
the “A” strip, approximately 3 by 
by 0.050 in., is used for light work, 
while the “C” strip, the same except 
0.0938 in. thick, is for heavier work 
Both are Rockwell C44 to 50. The 
steel block to which the test strips are 
clamped is 3 by 1's by “ in., Rockwell 
C62 to 65. Arc height measurements 
are made on an Almen gage, which 
registers a combination of are both 
longitudinally and transversely on the 
strip and reads in thousandths of an 
inch 

Intensity measurements vary consid- 
erably depending on time and location 
of the test strips in relation to the 
shot stream, so it is essential that 
their exposure be as nearly identical 
as possible with that of the critical 
surfaces of the parts in process. The 
blocks and test strips can be fastened 
to an actual part or to a dummy of 
similar proportions, at one or more of 
the critical surfaces 

Finally, “coverage”, or the proportion 
of a surface which has had actual 
physical contact with one or more shot 
particles, must be measured and regu- 
lated. Sometimes coverage can be di- 
rectly evaluated on shot peened parts, 
but usually a visual examination of the 
exposed surface, or a replica thereof, 
is necessary, followed by estimation 
either directly or through comparison 
with previously prepared standards—-of 
the percentage of the area which has 
had direct contact with shot particles 

It is generally much easier to meas- 
ure coverage on an Almen strip than 
on the actual part. The estimation o1 
calculation of coverage from a _ test 
strip examined at low magnification is 
further simplified if the strip has been 
polished lightly in one direction prior 
to exposure to the shot stream 

Examples. Representative data for 
taxicab steering knuckles are listed in 
Table I; all the parts were similarly 
quenched and tempered; the peened 
knuckles were blasted with 0.028-in 
cut wire shot in an airless cabinet. All 
fatigue tests were in reversed bending 
on a resonant tuning-fork type of ma- 
chine with the steering knuckles used 
as the flexible member of the fork 
The data are typical of improvement 
by peening a machined surface of a 
low-alloy steel at a readily machinable 
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hardness, in comparison with increas- 
ing the hardness to the maximum level 
practical for machinability. 

Results for quenched and tempered 
axle shafts of 4063 steel at 388 to 444 
Brinell are as follows: 


Shot Wheel Inten- 
Size, Speed, sity, 
in rpm 
0.018 to 0.024 0.012 
0.024 to 0.031 0017 
0.031 to 0.040 0.024 


Travel through blast was at the rate of 
21 ft per min (7 shafts per min) 

(a) 0.012 A2 means an arc height of 0.012 
in. as measured on an A-strip by the 
Almen No. 2 gage 


Three groups of shafts were shot 
peened under the cited conditions and 
fatigue tested in rotating bending. 
Improvement in each group was nearly 
identical, the fatigue limit increasing 
from 26,000 to 44,000 psi, or 75%. For 
verification, shot peened shafts were 
installed in heavy-duty service in 
which isolated failures had previously 
occurred in the unpeened axle shafts. 
Over 100,000 miles of operation were 
clocked in each of 50 test vehicles with- 
out failure. 

Figure 2 shows operating stresses 
and temperatures permissible in carbon 
stee] valve springs in both the shot 
peened and untreated condition. Springs 
were fatigue tested for 10 million com- 
pressions in a heated chamber. 

Tests on a variety of spring metals 
from 75 to 650F show both the 
marked increase in operating stresses 
and the persistence of favorable effects 
to about 250 F. 

Numerous examples of specific meth- 
ods of shot peening on both coil and 
leaf springs may be found in Section IX 


of the SAE Manual on Shot Peening. 

Tests on truck ring gears and pinions 
with a carburized surface of Rockwell 
C58 to 62 show an average life of 
381,400 pinion cycles for 13 units shot 
peened, compared with 119,700 for 13 
units not shot peened. Parts were shot 
peened on a rotary table machine to 
an arc height of 0.017 in. on the ring 
gear and 0.015 in. on the pinion. 
Fatigue tests were run in a Gleason 
axle-testing machine with 78,520 in.-lb 
torque load and 33 rpm on the axle 
shafts. These data clearly indicate that 
shot peening has a beneficial effect on 
fatigue life even at Rockwell C60 or 
higher. 

Thé successful application of shot 
peening to a variety of metals over a 
wide range of strength is summarized 
in Table II. 

Conventional shot peening of magne- 
sium samples reduced fatigue strengths 
as much as 60%; small shot at high 
velocity overworked the surface. When 


140 
Installed 
+ + 4 
8/30 Shot Peenéd 
> | | 
(20 After 96 br Running 
| 
| 
As Installed 
~ 
2 
= 90 + Not Shot 
After 96 hr Running Peened 
80 


50 100 150 200 250 300 350 400 
Permissible Operating Temperature,deg Fahr 


Fig. 2. Operating Stresses and 

Temperatures Permissible in Carbon 

Steel Valve Springs for an Infinite 
Number of Load Applications 


the magnesium samples were peened 
with 3/16-in. diam shot falling from a 
height of 24 to 48 ft, the fatigue limit 
improved as follows: 


Machined and polished .... 10,000 
Peened, ?,-in. diam shot 12,000 


Rubbing or burnishing produced the 
same beneficial surface effect. A spher- 
ically tipped tool, mounted in a fixed 
or spring-loaded position in a toolstock 
was traversed at 0.006 in. per stroke 
across the surface in a shaper or lathe. 
The tool pressed into the work 0.004 to 
0.015 in. beyond touch contact. This 
rubbing method is especially suitable 
for machined magnesium surfaces, 
while the peening technique can be 
used on unfinished or as-cast surfaces. 

Forming by Peening. Shot peening 
has been used to form as well as 
strengthen integrally stiffened aircraft 
wing panels machined from slabs of 
75S-T6 aluminum alloy, which must be 
curved for aerodynamic reasons. The 
large size of the panels (32 ft by 46 in.) 
prevented hot forming; cold forming 
produced surface tensile stresses of 
20000 psi or more, which were alle- 
viated by shot peening the panels on 
the tension side. Proper curvature of 
the panels could be obtained by shot 
peening alone, with careful control of 
intensity. The need for conventional 
cold forming methods thereby was 
avoided and the high compressive 
stresses induced by peening virtually 
eliminated the possibility of fatigue 
failures. 


Surface Rolling 


Some applications of surface rolling 
are noted on page 251 of the 1948 
Handbook, in the section on causes of 
service failures. Probably the principal 


Table If. Effect of Shot Peening on Fatigue Strength 


Metal Stress Cycle 


Duralumin 


Fatigue Limit for 
Surface -—— 10,000,000 Cycles of Stress, psi—— 


Condition As 


as Received Received Polished Peened'*’ 


Nonferrous Metals 


Gain by Shot 
Peening, 
Shot Over “As Over 
Received” Polished 


shhbsieaviesseen Reversed bending Fine turned 17,100 19,900 16 
Magnesium alloy 
Wrought (AZ31)™ = ........ Reversed bending Fine turned 13,500 17,100 26 
a Reversed bending Fine turned 7,100 8,800 24 
Phosphor bronze wire ....... Torsion, 20,000 psi 
to max As drawn 35,000 50,000 43 
Phosphor bronze sheet .Reversed bending As rolled 31,600 47,900 52 
Steels, Including Stainless Steels 
SAE 1020 Reversed bending As rolled 28,000 34,500 37,500 34 9 
SAE 1045, induction hardened. Reversed bending As hardened 50,000 : ‘ 75,000 50 
SAE 1045, normalized 
and tempered . Reversed bending As rolled ‘ ' 31,000 34,000 r 10 
SAE 1050 plate .. Reversed bending As rolled 37,000 47,000 27 
Rail steel .-Max compression 
to 20°), tension As rolled 59.000 78,000 32 
085°) C spring wire -. Torsion, 20,000 psi 
to max As drawn 95,000 135,000 42 
SAE 1095 music wire . -- Torsion, 20,000 psi 
to max As drawn 90,000 135,000 50 
SAF X4340 oil quenched 
Reversed bending As rolled 66,500 78,000 16 
Ni-Cr-Mo, carburized 
and heat treated ... ..Reversed bending As heat treated 58,000 68,500 71,500 23 4 
9470, carburized ........ .. Reversed bending As carburized 100,000 150,000 50 
9420, carburized .. Reversed bending As carburized 100,000 153,000 53 
18-8 stainless wire .. Torsion, 20,000 psi 
to max As drawn 65,000 110,000 69 
18-8 stainless bar ............Torsion, 
zero to max As rolled 46,000 92,000 100 
13-2 stainless wire ........... Torsion, 20,000 psi 
to max As drawn 120,000 50 


(a) Not polished before shot peening. 
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(b) 


See text for description of special technique applicable to magnesium 
From “Shot Peening”, American Wheelabrator & Equipment Corp., 4th edition, 1951 
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application of this method is on the 
fillets of shafts subjected to torsion 
and bending In surface rolling, a 
suitably shaped roller is pressed into 
the fillet while the shaft is rotating 
under a specific load for a predeter- 
mined number of revolutions, sufficient 
to iron out and smooth the surface by 
plastic flow. The process ordinarily is 
applied to straight shafts on a lathe, 
with the roller mounted in a specially 
designed spring-loaded mechanism held 
in a standard single-point tool holder 
and fed into the fillet by the tool feed 
mechanism of the lathe. Figure 3 
illustrates a typical rolling tool of this 
type. 

With crankshafts, where multiple 
fillets are involved and the rotation of 
the crankpin fillets is not concentric 
with the central axis of the shaft, mul- 
tiple rollers can be mounted in hy- 
draulically operated clamp fixtures at- 
tached to guided follower-arms. 

The roller mounting and method of 
generating and maintaining the re- 
quired force vary considerably with 
different users. The roller is usually 
pressed lightly onto a pin which ro- 
tates in bushings mounted in the hold- 
er. Sufficient side clearance is given 
to the roller so that it can slide later- 
ally and center itself in the fillet. 

Two types of rollers are in commer- 
cial use. The first, a plain type as 
illustrated in Fig. 4, is used effectively 
for fillets having a radius of 1/32 in. 
or less. The rolling periphery has a 
radius at the low limit of the fillet 
radius tolerance, which generates, by 
plastic flow, a new shaft radius con- 
forming to the roller periphery. An 
applied force of less than 100 lb is 
usually sufficient for this small radius, 
and greatly simplifies both the roller 
and shaft mounting. Very few shaft 
revolutions are required to obtain the 
maximum effect; in one application 
ten revolutions of the shaft are 
sufficient. 


Typical Plain Roller Tool 


Fig. 3. 

Mounted in a Lathe and Spring 

Loaded to Apply Force to the Crank- 

shaft Fillet Over Which It Travels 

(Research Laboratories Div., Gen- 
eral Motors Corp.) 


Rollers of oil-hardening tool steel at 
Rockwell C 62 to 65 have given excel- 
lent results, with dimensions as noted 
below Fig. 4. The plain roller normally 
serves for several thousand pieces and 
its cost is almost negligible. 

It would be most desirable if all fillet 
rolling could be done with a plain roller 
merely by making the radius of the 
roller periphery larger as the radius of 
the shaft fillet increases. However, the 
required force on the roller rapidly 
reaches high values where the roller 
and shaft mountings, as well as the 
means of generating the required force, 
become quite complex. ‘(The normal 
manufacturing variation in fillet radius 
is an important part of this same 
problem.) The Jackman wedge roller 
(Fig. 5) offers a solution; it can roll 
large fillets with a small applied force 
and at the same time is unaffected by 
the normal manufacturing variations 
in fillet radius. The wide portion of 
the wedge rolls the extremities of the 
fillet while the point of the wedge 
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works the center, as shown in the two 
detail sketches at the right-hand side 
of Fig. 5. The other points on the 
wedge contact the intermediate points 
in the fillet. As the shaft rotates, the 
roller edge rides up and down on each 
side of the fillet in a sort of kneading 
action. 

The dimensions shown in Fig. 5 are 
recommended for rolling shaft radii of 
different sizes. More cycles are required 
to roll a fillet with the wedge roller 
than with a plain roller; 200 to 600 
rotations at 60 to 200 lb pressure is 
typical. Life is less than for plain 
rollers because of the longer rolling 
time but tool cost per fillet is still 
small 

A lubricant is used in all rolling 
operations, and is especially necessary 
with the wedge roller. 

At present there is only one satis- 
factory method of inspecting the roll- 
ing operation for quality in production 

visual examination of the finished 
pieces for smoothness and the obvious 
imprint of the roller in the fillet. Fail- 
ure of the rolling edges, improper ro- 
tation of the roller, and failure of the 
roller to center properly in the fillet 
are the principal difficulties encoun- 
tered; however, with proper tooling, 
little trouble is experienced 

Numerous examples of increased fa- 
tigue resistance from surface rolling 
have been reported. Large increases 
have been achieved with fillets of both 
forged and cast crankshafts Diesel 
engine crankshafts show a wide varia- 
tion in fatigue resistance before rolling 


of fillets, primarily because of differ- 
ences in straightening. Rolling these 
fillets improves the fatigue limit by 
55% on straightened shafts and 24°; 
on unstraightened shafts; both straight- 


Fig. 4. Sketch of Plain Circular 

Roller Tool. Radius ‘(R) at the 

periphery is the low limit of the 

fillet radius tolerance. The major 

diameter (H) is about 2 in.; width 

‘L) and hole diameter ‘(D) are 
about in. 


ened and unstraightened crankshafts 
show the same fatigue characteristics 
after rolling 

Cold rolling with steel balls is an- 
other means for strengthening fillets. 
This has increased the limiting stress 
on gray iron crankshafts by 60% for 
reversed bending and by 80° for “one- 
way” loading. The method was to use 
three steel balls equally spaced around 
the fillet and held in place by a load- 
ing ring. The ring was assembled on 
the crankpin and loads applied through 
four coil springs, compressed by a 
screw attachment so as to produce a 
deformation of about 0.003 in. in the 
fillets. The small ridge of metal formed 
at the junction of fillet and journal 
was removed by a simple polishing 
operation 


Hand and Mechanical Peening 


Hand peening is especially suited to 
isolated stress raisers such as the ex- 
posed edges of holes which can be cold 
worked with one or a few hammer 
blows. The process is extremely simple 
and despite its apparent lack of pre- 
cision it improves fatigue resistance 
markedly where applicable. About the 
only requirement is that a smooth sur- 
face without nicks or notches be pro- 
duced. The edges of a hole can be 
peened by striking a cone-shaped tool 
while the cone is centered over the 
hole, thereby chamfering the hole by 
cold work. 

Each hand application suggests its 
own peening tool. Control rests en- 
tirely with the operator and complete 
instructions on the job are mandatory 

In mechanical peening, the tool is 
hydraulically or electrically driven and 
usually delivers a specified number of 
blows of lesser intensity 

Mechanical peening 
cessfully done by a small air-driven 
“pencil grinder”, reworked to give a 
peening tool by unbalancing the shaft 
as indicated in Fig. 6. In operation the 
peening hammer, fixed to the end of 
the shaft, vibrates rapidly. This tool 
can be purchased as shown, without 
the hammer. It is especially useful for 
peening the walls of holes, but can 
also be used on several other types of 
surfaces. 

Table II on page 250 of the 1948 
Handbook quotes an increase in fatigue 
limit up to 33°. from peening or pre- 


has been suc- 
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Fig. 5. Sketch of Wedge-Shaped Roller (C. W. Jackman, U. S. Patent 2,357,515). 


Dimensional details for different fillet 


radii are from Research Laboratories 


Div., General Motors Corp. 


stressing holes with a conical stamp, 
and a 44°) gain with a conical pin. 

Fatigue limit (reversed torsion) of 
crankshaft sections has been increased 
about 20° by peening the oil holes in 
the shafts with a pneumatic hammer 
peening tool, using different heads for 
the chamfered surfaces at the oil hole 
exits and the surfaces below the 
chamfer. 

Similar peening of malleable iron, 
followed by testing in bending fatigue 
with unidirectional cantilever loading, 
showed all unpeened specimens failing 
at less than 250,000 cycles while four 
hammer peened specimens ran 5,000,000 
cycles without failure. 


Prestressing 


In prestressing, a part is loaded in 
the same manner anticipated in oper- 
ation. The critically stressed points of 
the structure are permanently deformed 
in tension during the load application 
and when the applied load is released 
the stress reverses, leaving these de- 
formed points under residual compres- 
sion and thus increasing fatigue resist- 
ance. Measurements from preselected 
gage points determine whether the re- 
quired set has taken place. The pre- 


setting, “scragging” or “bulldozing” of 
springs; the prespinning of impellers; 
and the preloading of gun barrels 
‘autofrettage) are well known exam- 
ples of the process. It is applicable 
only to ductile materials. 

In one example, residual compressive 
stresses were applied at the root of an 
annular notch, by tensile preloading of 
initially stress-free notched specimens 
to a nominal stress of 25 tons per sq in. 
The specimen was an extruded section 
of aluminum alloy and the width at 
the top of the notch increased 3 to 4% 
after prestressing. Fatigue resistance 


Pneumatic Grinder 
446 -in. Spindle 


\ 


in rotating cantilever tests was in- 
creased 100%. 

Tests on laminated springs subjected 
to “scragging” showed an increase of 
about 30% in fatigue resistance over 
those not prestressed. Tests were on 
low-chromium steel plates prestressed 
by four-point loading until a perma- 
nent deflection of about 0.05 in. was 
obtained on a span of 4 in. In the 
subsequent plane-bending fatigue tests, 
the direction of loading was the same 
as in scragging. 
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Fig. 6. Standard Pneumatic Portable Grinder Converted to a Peening Tool by 
Incorporating a Centrifugal Unbalance on the Shaft (Research Laboratories 
Div., General Motors Corp.) 


Fatigue Strength, S,. The greatest 
stress which can be sustained for a 
given number of stress cycles with- 
out fracture. The number of cycles 
should always be given. The same 
considerations as for fatigue limit ap- 
ply where the mean stress is not zero. 

Fatigue Limit (or Endurance Limit’), 
S.. The limiting value of the stress 
below which a material can presum- 
ably endure an infinite number of 
stress cycles, that is, the stress at 
which the S-N diagram becomes hori- 
zontal and appears to remain so. It 
should be noted that certain materials 
and environments preclude the attain- 
ment of a fatigue limit 

If the stress is not completely re- 
versed, it is necessary to state what is 
meant by the fatigue limit. It may 
be expressed in terms of the alter- 
nating stress amplitude or the maxi- 


Selected Definitions of Fatigue Terms? 


mum stress; whichever method is 
used, it is also necessary to state the 
value of the mean stress, minimum 
stress, or stress ratio. 

Fatigue Life, N. The number of 
stress cycles which can be sustained 
for a given test condition. 

Fatigue Ratio (or Endurance Ra- 
tio). The ratio of the fatigue limit 
‘or endurance limit), S,, or fatigue 
strength, S,, to the static tensile 
strength, S,, that is, S,/S, or S,/S,,. 

Fatigue Strength Reduction Fac- 
tor, K,. The ratio of the fatigue 
strength of a member or specimen 
with no stress concentration to the 
fatigue strength with stress concen- 
tration. K, has no meaning unless 
the geometry, size, and material of 
the member or specimen and stress 
range are stated. 

S-N Diagram. A plot of stress 


against number of cycles to failure. 
It is usually plotted S versus log N, 
but a plot of log S versus log N is 
sometimes used. 

Stress Ratio, R. The algebraic ratio 
of the minimum stress and the maxi- 
mum stress in one cycle, that is, R 

Stress Concentration Factor, K,. 
The ratio of the greatest stress in the 
region of a notch or other stress con- 
centrator as determined by advanced 
theory, photoelasticity, or direct meas- 
urement of elastic strain, to the cor- 
responding nominal stress. 

Mean Stress (or Steady Stress Com- 
ponent), S,,. The algebraic mean of 
the maximum and minimum stress in 
1 cycle, that is, S,. = (Smez + Smin)/2. 

(a) These definitions are from the 


“Manual on Fatigue Testing", ASTM, 
1949 (b) “Fatigue limit” is preferred 
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Design of Ferrous Castings 


By the ASM Committee on Cast Metals 


COST AND PERFORMANCE are the 
basic factors influencing good casting 
design. The engineer should choose 
the structure and metal that will pro- 
duce the desired service results at the 
lowest over-all cost, not in terms of 
cost per pound of cast metal, but as 
minimum total unit cost for the fin- 
ished product 

The economic status of ferrous cast- 
ings is reflected in Bureau of Census 
figures on total shipments for 1953. 
They show 13,630,715 net tons of gray 
iron, 967,065 tons of malleable iron, and 
1,829,287 tons of steel castings. Gray 
iron, of course, is the lowest in cost, 
malleable next and steel the highest of 
the three. Nodular ‘or ductile) iron 
castings, introduced in 1948, are higher 
in cost than malleable iron castings 

Consultation on preliminary casting 
designs by the foundryman and the 
design engineer is always advisable, 
since the former frequently can sug- 
gest modifications to simplify molding, 
eliminate expensive cores or chills and 
decrease the probability of high residual 
Stresses in the casting. The designer 
also needs familiarity with foundry 
technology and the limitations of metal 
castability. 


General Design Principles 


Sections of castings no thicker than 
required for strength should be propor- 
tioned and disposed so that those most 
distant from the point where the cast- 
ing is to be fed will solidify first, with 
olidification proceeding directionally 
toward heads or risers, where the metal 
is hottest. The foundryman’s plea for 
section uniformity is based on his abil- 
ity to obtain directional solidification 
in a casting of approximately uniform 
section, by the arrangement and loca- 
tion of gates and risers and through 
control of metal temperature and pour- 
ing speed 

Designers should place heavy sections 
where they can be fed adequately. By 
chills and other devices the foundry 
may be able to accelerate the normal, 
slow cooling of a poorly located heavy 
section, but such practices increase 
manufacturing cost. 

Many casting production problems 
are traceable to inferior design. Fre- 
quent errors are variable metal thick- 
nesses, absence of fillets, inadequate 
fillets, misplaced bosses and poor core 
design. A boss in a critical location or 
a reinforcing rib may increase cost 
considerably by requiring the use of 
cores, and may also result in unsound- 
ness, high residual stress and distortion 
in the casting 

Whenever possible, section thickness 
throughout should be held as uniform 
as compatible with over-all design cou- 
siderations. If thickness must be var- 
ied, it should be increased gradually. 


Supplements the articles on Cast 
Iron, Malleable Iron and Steel 
Castings, on pages 505 to 526 of 
the 1948 ASM Metals Handbook 


Subdivisions Page 
General Design Principles . 109 
Testing and Inspection _... 110 
110 
Gray Iron Castings ....... 110 
White Iron and Chilled Iron 111 
Malleable Iron Castings ... 111 
Pearlitic Malleable Iron ... 112 
Nodular Iron Castings .... 112 
113 


Where ribs are required, adequate fil- 
lets should be provided between them 
and the attached sections, as well as 
between the adjoining sections them- 
selves. 

Design of the casting should include 
appropriate parting lines, preferably 
straight; irregular parting usually 
means higher cost. Deep pockets and 
small recesses should be avoided, to 
simplify molding and core design. Un- 
dercuts or re-entrant angles are trou- 
blesome and costly because they require 
cores. 

In general, the more cores required, 
the higher the molding and cleaning 
costs, especially where re-entrant an- 
gles or pockets are involved. Where 
external cores are needed, they must 
be firmly anchored to prevent shifting. 
All cores should be supported ade- 
quately and anchored sufficiently by 
core prints to resist the buoyant action 
of the molten metal. Core prints should 
be positioned so that they carry the 
weight of the core uniformly and also 
prevent core-shifts and sagging. They 
should also be large enough to vent 
gases and thereby minimize porosity in 
the casting. 

Separate cores should be as simple 
in shape as possible. Long or thin de- 
signs should be avoided because of dan- 
gers of mechanical breakage, thermal 
spalling by molten metal and the diffi- 
culty of holding them in place during 
the pouring operation. Thin cores are 
always difficult to remove from the 
casting and frequently cannot be re- 
moved at all because of metal pene- 
tration. Internal cores should provide 
openings through which sand may be 
removed 

Both draft and shrinkage must be 
considered in the design of castings 
Sufficient draft or taper ‘normally not 
less than 3 deg) is advisable on all 
vertical surfaces so the pattern can be 
withdrawn from the mold 

Locating-points for machining are 
important. Where considerable ma- 
chine work is to be done, “targeted” 
castings are recommended, with locat- 
ing buttons or bosses included on the 
pattern to provide reference points for 
subsequent machining. A finish allow- 
ance naturally must be provided on 
surfaces which are to be machined 

The 13 succeeding sketches (from 
“Engineering Properties of Cast Iron”, 
American Foundrymen's Society, 1950) 
show some of the pitfalls to be avoided 
in design of castings, regardless of 


metal 


ment below each sketch gives further 
details of recommended practices. 


Bosses or pads which increase metal 
thickness in 
sections surrounding thin areas, should 
be blended gradually into the body of 
the casting by tapering or 


fillets, 


Best 


calls for gradual changes in section, 


with 


corners, 


Concentration of 
and ribs 


large as possible, commensurate with 
strength and stiffness 


Whe 


metal 
A and 


condition is aggravated by excessively 
large fillets B 
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centration of cast metal 
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spots. 


composition. Explanatory com- 
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Correct 


thin walls, or in thick 


flattening 
to avoid localized hot spots. 


mmended 
— 
( 
Sometimes Best 


execution of fillets and taper 


generous radii and no sharp 


Rib or Web 


Cored Hole 


should be 


metal 
minimized by cored openings in webs 


These openings should be as 


Hot A 


Spot’ 


re sections cross, the mass of 
is enlarged at the crossing point 
will retard cooling there. This 


Cored Hole 


gering ribs or webs avoids con- 

a cored hole 
eliminates hot 
ize of the core is 


ribs must cros 
However, the 
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a limiting factor in applications that 
must have all cores thoroughly removed 
from the casting. 


A web with ribs extending from its 
periphery is an excellent design on large 
flat plates. The section of the circular 
web may be less than the ribs. 


Thin ribs joined to a heavier section 
are inadvisable. They freeze first and 
pull away from the heavier mass. Ribs 
are of little value in tension and should 
be used in compression only. 


le 


In unfed L or V sections, radii should 
be provided at junctions t, to make the 
section at this point thinner than the 
principal width ¢,. Y-sections should 
have a triangular cored hole to reduce 
the thickness at the junction. 


Correct 


An inserted stud will not restore the 
strength of the original thickness. The 
wall adjacent to drilled holes should be 
equivalent to the main body of the cast- 
ing. (Pressure on shaded side) 


Correct 


Oval-shaped cored holes in ribs or 
webs are preferred, with the longest 
dimension in the direction of the stress. 
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incorrect Correct 


Patterns without draft make molding 
difficult and costly. Standard draft 
angle is 3 deg. 


Incorrect Correct 


Undercuts should be dispensed with 
wherever possible. 


Incorrect 


incorrect Correct 


Incorrect Correct 


Outside bosses (top) should be omit- 
ted to facilitate straight pattern draft. 
Redesign (center) often will save 
weight, metal and machining time. A 
continuous rib (bottom) instead of a 
series of bosses permits shifting the 
location of holes. 


Testing and Inspection 


Mechanical properties of test bars 
are included in various specifications 
for castings (see “Mechanical Tests of 
Castings”, page 136, 1948 Metals Hand- 
book). They inform the foundry 
whether processes are in control and 
indicate to the designer whether he 
has obtained the metal specified. Test 
bars are shaped to have a minimum of 
residual stress. As the cooling rate in 
the test bar may be quite different 
from that in certain sections of the 
casting, the designer should not assume 
that the test bar values duplicate those 
of the casting. Wherever possible, 
mechanical tests should be made on 
some of the full-size castings, prefer- 
ably with loads that simulate service 
conditions. 

Internal Soundness. Some castings 
fail in service because they are un- 
sound or have shrinkage defects. 
Changes in gating or feeding will usu- 
ally correct the unsoundness. Occa- 
sionally design must be modified to 
improve soundness. In the develop- 
ment of foundry practice on a new 
casting, sample castings are often ex- 
amined radiographically for soundness. 
After proper practice has been devel- 
oped, occasional radiographic exami- 
nation of a production casting will 
suffice. 

Stress Analysis. Even sound castings 
occasionally fail in service at loadings 
well below the design strength, because 
of residual tensile stresses. Such stresses 
may be evaluated by observation of 
brittle lacquer coatings which locate 


areas of high stress and the direction 
of the stress, or by electrical resistance 
strain gages of the SR-4 type, which 
measure stress magnitudes. The latter 
technique may involve destruction of 
the casting, but the information ob- 
tained can lead directly to a change in 
design or process which will result in 
appreciable reduction of residual stress. 
It is recommended that stress distribu- 
tion be studied in important load- 
carrying castings. 


Patterns 


Selection of the pattern for a given 
casting involves a balance between ini- 
tial cost of the pattern and subsequent 
molding cost in the foundry, in relation 
to the total number of castings to be 
made. A loose or unmounted wood 
pattern is cheapest and is always used 
where only a few castings are required. 
For 50 or more castings a mounted split 
pattern is usually advisable, half being 
mounted on a matchboard; this de- 
creases molding time and reproduces 
the shape more accurately. Where 
large quantities are involved, a pattern 
should be made of metal and likewise 
mounted on matchboards to insure long 
pattern life as well as dimensional 
accuracy of the final casting. Even 
when wood patterns are appropriate, 
both the patterns and the core boxes 
should be metal-faced at points where 
rough handling or wear is likely. 


Gray Iron Castings 


Gray iron usually has carbon content 
above 3%, primarily in the form of 
graphite flakes. The amount, size, 
shape and distribution of graphite have 
principal effects on the properties of 
the metal—especially the characteristic 
lack of ductility and low impact values 
of gray iron. However, gray iron has 
many favorable properties and these, 
together with low cost, have made it 
the most widely used metal for castings. 

The graphite flakes improve machin- 
ability, and also make gray iron resist- 
ant to many types of wear. The stress- 
strain curve in the tension test is not 
a straight line; gray iron does not 
have a true modulus of elasticity. The 
rigidity (“modulus”) is usually dcter- 
mined arbitrarily as the slope of the 
stress-strain curve at 25% of the ten- 
sile strength and in soft high-carbon 
irons is much lower than in the strong 
low-carbon irons. The modulus so 
evaluated may range from 8,000,000 to 
over 20,000,000 psi. Gray iron has high 
damping capacity, compared with steel, 
because of the graphite flakes. The 
soft high-carbon irons, with low mod- 
ulus, have the highest damping ca- 
pacity. 

Gray iron has excellent castability 
and some thin-wall or complex designs 
may be produced that would not be 
practical in other metals. Notch effects 
are not so serious in gray iron as in 
other cast ferrous metals. 

This type of iron covers a wide range 
of properties, depending on composi- 
tion, section size and processing. Cor- 
responding tensile strengths range from 
less than 20,000 to more than 60,000 psi. 
Yield strength ‘at 0.2% offset) is high; 
ductility, low. Compressive strength is 
approximately three times the tensile 
strength. 

The relative amounts of graphite and 
combined carbon in cast iron depend 
on the cooling rate of the casting. A 
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composition that gives high strength in 
a light section may produce a soft 
structure high in graphite in a heavy 
section. Therefore, the composition 
should be adjusted to the size of cast- 
ing. Some compositions, particularly 
alloy irons, vary less in mechanical 
properties with section size than others. 

Specifications. If strength is not a 
factor it should not govern the choice 
of specification. The selection of higher 
trength than is needed results in 
higher foundry and processing costs 
Alloy cast irons should not be specified 
where unalloyed gray iron is satisfac- 
tory 

The most popular gray iron specifi- 
cation is ASTM A48, which classifies 
irons according to minimum tensile 
streneth; classes range from 20,000 to 
60,000 psi minimum. Other ASTM 
specifications include: A159 ‘automo- 
tive); A126 ‘valves, flanges and pipe 
fittings); A74 ‘soil pipe and fittings); 
A142 ‘culvert pipe); A44 (water pipe) ; 
A190 (light weight and thin section); 
A278 (pressure-containing parts for 
temperatures up to 650 F); A319 ‘non- 
pressure-containing parts for elevated 
temperatures) 

Dimensional Tolerances. For the gen- 
eral run of castings, dimensional toler- 
ances approximately one-half the max- 
imum shrinkage of the cast metal are 
customary. Thus, a dimensional tol- 
erance of +1/16 in. is common for 
castings about 1 ft long. Study of pro- 
duction operations, including the prep- 
aration of sample castings, may permit 
closer tolerances. Many foundries are 
producing gray iron castings to a tol- 
erance of + 1/32 in. However, the pur- 
chaser should not specify closer toler- 
ances than are required because delay 
and increased cost may result. 

See Table I for machining allow- 
ances, which are added to normal tol- 
erance. 


Table I. Machine Finish Allowances 
for Gray tron 
Pattern Size, in Bore, in Finish, in 
Up to 12 
13 to 24 
25 to 42 4 Yn 
43 to 60 14 
61 to 80 35 ts 
81 to 120 36 


Over 120. Special instructions required 


White Iron and Chilled [ron 
White cast iron has nearly all its 
carbon in the combined form, as ce- 
mentite ‘iron carbide, Fe.C). This usu- 
ally derives from low silicon content 
in the melt, sometimes from alloying 
elements 

Chilled cast iron is produced simply 
by casting against metal chills, which 
cool the iron rapidly enough to prevent 
the formation of graphite. The depth 
of the layer of chilled or white iron is 
controlled by adjusting silicon and 
carbon contents. 

White iron castings are used where 
maximum resistance to wear is de- 
manded. The higher the carbon con- 
tent, the harder and more brittle the 
iron. White iron castings must be de- 
signed carefully because failures may 
occur in the foundry due to sharp 
corners and thin sections. Also, these 
castings are less resistant to impact 
loading than is gray iron. The com- 


- &- 


Fig. 1. 


Differential Case (upper left), Carrier (upper right) and Bearing Caps 


of Malleable Iron, Representing Good Correlation of Engineering Design and 
Foundry Techniques 


pressive strength of white iron is usu- 
ally higher than 200,000 psi 

In chilled castings the composition is 
such that the iron would be gray if not 
cooled rapidly by the chills. Conse- 
quently, the white outer portions usu- 
ally have gray iron backing, and such 
a casting is more resistant to impact 
than one which is all white iron. 

Typical applications for chilled iron 
castings are railroad car wheels, rolls, 
plow shares, track idlers for crawler 
tractors, moldLoards, valve tappets and 
jaw crusher plates. White iron cast- 
ings have more limited application. 
Hardness and strength of both chilled 
and white iron castings may be in- 
creased by alloying elements. Hardness 
ranges from slightly over 300 Brinell 
for low-carbon white iron to over 500 
Brinell for high-carbon and over 600 
for alloy white irons. ASTM A360 
covers chilled and white iron castings. 
Only a few foundries produce them. 


Malleable Iron Castings 


In the production of malleable iron 
it is necessary first to produce a white 
iron casting of suitable composition, 
which is then annealed to change vir- 
tually all of the combined carbon to 
small particles of “temper carbon” 
(graphite in characteristic rounded ag- 
gregates), and to give a strong, tough 
casting characteristic of the ferrite 
matrix. 

The most popular grade of malleable 
iron, representing the major tonnaz7ze, 
is designated as 32510. A higher-tensile 
grade is 35018, which is less frequently 
used and produced by only a few mal- 
leable iron foundries. Usually the en- 
gineer should confine his designs to 
grade 32510. ASTM A47 covers the 
two grades and provides test-bar prop- 
erties as follows: 


32510 35018 
Tensile strength, min psi 50,000 53,000 
Yield strength, min psi.. 32,500 35,000 


Elongation in 2 in., min % 10 18 
These two grades are produced in 


air furnaces, electric furnaces or by 
duplex melting (cupola-to-air furnace 


or cupola-to-electric furnace). Another 
grade, of lower tensile strength, is 
made in the cupola; ASTM A197 for 
cupola malleable iron calls for a mini- 
mum tensile strength of 40,000 psi, 
minimum yield of 30,000 psi and mini- 
mum elongation of 5% in 2 in. It has 
been used largely for fittings. 
Malleable castings usually have light 
to medium sections, limited in thick- 
ness partly to facilitate production of 
iron completely white as cast The 
heavier the section, the more likely is 
the formation of primary graphite on 
solidification, which will result in lower 
mechanical properties. The silicon con- 
tent of the metal may be reduced for 
heavier sections but lower silicon means 
longer annealing cycles. Foundry de- 
fects such as hot tears and shrinks are 
more difficult to avoid than in gray 
iron because the casting is first white 
iron. The following design procedures 
will minimize foundry defects in mal- 
leable iron castings: 
1 Provide ample fillets 
2 Aim for uniformity of section 
3 Taper gradually at the junction of 
unequal sections 
4 Design plates in tension 
pression 
5 Provide ample section for 
feeding 
6 Eliminate cores where feasible 
Allow sufficient pattern draft 


ribs in com- 


gating and 


Some of the preceding recommenda- 
tions for malleable casting design are 
illustrated in Fig. 1 to 5. For example, 
Fig. 1 shows three malleable iron cast- 
ings in large production—a differential 
carrier, differential case and bearing 
caps. The case, at upper left, incorpo- 
rates sections from 1's to \% in. thick, 
indicating what can be accomplished 
where engineering design and foundry 
techniques are correlated. Figure 2 is 
a brake support casting, practically all 
of which is cast in the drag. Figure 3 
shows a revision in design; at the left, 
the ribs are in tension; in the redesign 
(right) the ribs are in compression and 
the plate in tension. Figure 4 shows 
an original design (left) and redesign 
(right) of a gear blank casting. In the 
original, the ribs broke in the hard iron 
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Fig. 2. Brake Support Casting Show- 

ing How, with Only One Center 

Core, a Part Can Be Designed So 

That Practically All of It Is Cast 
in the Drag 


state in the foundry. 
eliminated this trouble. 

Figure 5 shows another original de- 
sign (two top pieces) and redesign 
(lower two). The original casting was 
difficult to feed and dendritic checks 
developed, causing breakage. The re- 
design provided a heavier section at the 
feeding point and used an H-section 
rather than a round one. The bent 
casting (bottom) illustrates toughness 
of the new (and lighter) design. 

For castings not to be machined, size 
tolerance is usually +1/16 in. per ft. 
Where high accuracy is required, mal- 
leable iron castings can be die straight- 
ened readily or coined, because of their 
ductility. If castings are straightened, 
one dimension and usually not more 
than two dimensions, can be held to 
1/64 in. In coining, tolerances of 
+ 0.007 to 0.010 in. can be held. 

Usual finish allowances for machin- 
ing are: milling, 1/16 to 3/32 in., for 
small castings, 's to 3/16 in. for me- 
dium castings; reaming, 3/32 in. on 
diam for cored holes under 1 in., '4 to 
3/16 in. on diam for medium sizes. 


The redesign 


Pearlitic Malleable Iron 


Production of pearlitic malleable iron 
‘astings has increased greatly in the 
last ten years. They are used where 
conventional malleable iron does not 
have sufficient strength or wear resist- 
ance and sometimes replace steel cast- 
ings or forgings. Pearlitic malleable 
iron has a definite amount of carbon 
in the matrix in the combined form. 
This increases hardness and strength 
and decreases ductility. Most pearl- 
itic malleable iron is made by starting 
with the same white iron as for regular 
malleable and modifying the heat 
treatment so that the required amount 
of carbon is left combined. Another 
method is to heat treat ordinary mal- 
leable iron so as to convert some of 
the graphite to combined carbon. In 
still another system the composition is 
altered to leave some combined carbon 
after heat treatment. ASTM A220 
provides for five grades (Table II). 

Design problems with pearlitic are 
similar to those for conventional malle- 
able. However, lower ductility makes 
straightening more difficult. 


Nodular lron Castings 


Nodular iron, also called ductile iron 
and spheroidal graphite iron, was in- 
troduced in 1948. Commercial castings 
are being produced with sections from 
', to over 12 in. thick. 

In producing nodular iron, a compo- 
sition is selected that normally would 
result in a soft, weak gray cast iron. 
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Fig. 3. Revision in Design. 


However, by the addition of small 
amounts of special alloys containing 
magnesium or cerium, plus_ special 
processing, the resulting casting has 
the carbon in spheroidal form. This 
usually develops high strength plus 
some ductility. Frequently heat treat- 
ment is required to obtain the desired 
properties. 

ASTM A339 covers two grades: 

80-60-03 60-45-10 

Tensile strength, min psi... 80,000 60,000 
Yield strength, min psi .... 60,000 45,000 
Elongation in 2 in., min psi 3.0'" 10 

(a) Where strength is a primary require- 
ment, the elongation requirement in grade 
80-60-03 may be waived by agreement be- 
tween the manufacturer and the purchaser 


Properties of grade 80-60-03 are usu- 
ally obtained in the as-cast condition 


Top and bottom views of original design are at 


left. Redesign, as seen from above and below, shown at right, places ribs in 
compression and plate in tension. 


Grade 


43010 
48005 
53004 
60003 
70002 


Fig. 4. 


Table Il. 


Min Tensile 


Strength, 
psi 


60,000 
70,000 
80,000 
80,000 
90,000 


Min Yield 


Pearlitic Malleable Irons (ASTM A220) 


Minimum 
Elongation 


Typical 


Strength, Brinell 


psi in 2 in., % Hardness 
43,000 10 163 to 207 
48,000 5 179 to 228 
53,000 4 197 to 241 
60,000 3 197 to 241 
70,000 2 241 to 285 


Original (Left) and Redesign (Right) of a Gear Blank Casting to 


Overcome Cracking of Ribs While the Part Was Still in the Hard Iron State 


= 
a | 
| 
3 | 
Bes 


Fig. 5. 
and Redesign (lower two) to Over- 


Original (top two pieces) 


come Metal Feeding Problems 

Through a Heavier Feeding Section 

and Changed Section Shape. Bottom 
piece is bent to show toughness. 


while heat treatment generally is re- 
quired for grade 60-45-10. Tensile 
strength above 100,000 psi can be pro- 
duced by oil quenching and tempering. 
As strength and hardness are in- 
creased, ductility is decreased. The 
range of properties available in nod- 
ular iron is quite similar to the range 
available in pearlitic malleable iron. 
Usual practices of good casting de- 
sign should be followed with nodular 
iron. Since nodular iron solidifies simi- 
larly to steel, guidance may be obtained 
from the principles outlined for steel 
Considerably more feeding is required 
for nodular iron than for gray iron, if 
sound castings are to be obtained. 
Conditions that cause hot tearing in 
other cast metals (such as combina- 
tions of light and heavy sections) pro- 
mote high residual stresses in nodular 
iron. Castings of such design should 
be stress relieved at 900F or higher. 
Chaplets should be avoided or of the 
light-gage variety and an effort made, 
by gating, to flow considerable metal 
through the chaplet area to insure fu- 
sion, especially for pressure castings. 
Thin castings may contain primary 
carbide in the as-cast condition and 
require heating at about 1600 F to ob- 
tain ductility. This may result in 
warping, and subsequent straightening 


Fig. 6. Formation of Cracks or Hot 
Tears Resulting from Concentration 
of Stresses at Reduced Sections 


will be necessary. The slower the cool- 
ing rate, the greater the possibility of 
obtaining ductility in as-cast nodular 
iron. Frequently sections of ‘+ in. or 
more are required for ductility in the 
as-cast metal. 

Most consistent uniformity of prop- 
erties will be achieved in heat treated 
castings, and is particularly important 
in castings which combine widely dif- 
ferent section thickness and may show 
variable properties in light and heavy 
sections as Cast. 

Dimensional tolerances are about the 
same as for gray iron, except on the 
cope surface where the machining tol- 
erance should be 30 to 50% greater 
than that required for gray iron. This 
is because nodular iron castings have 
surface defects on the cope side. 

When nodular iron is cast against a 
chill it responds similarly to gray iron 
by forming a hard carbide zone which 
is useful for wear resistance. The ma- 
chinability of nodular iron is about the 
same as that of gray iron of the same 
hardness (see Fig. 3, page 50). 

Nodular iron is of interest to the de- 
signer because it has good castability 
and a wide range of mechanical prop- 
erties. At present (May 1954) rela- 
tively few foundries are supplying it. 


Steel Castings 


The designer should recognize four 
fundamental characteristics of steel as 
it cools from the molten state to room 


a 

2 

= / 

« 

E 

t 

c 

0 50 100 150 200 250 300 


Length of Section, in 


Fig. 8. Minimum Thickness of Sec- 
tions of Steel Castings as a Function 
of Their Largest Dimension. Curve 
is for best design conditions wherein 
molten steel enters at one position 
on the casting and must run the 
lengths noted on the chart. 


Poor 


Good Best 


Not Recommended 


Wize 


Fig. 9. Accepted Methods for Reducing or Increasing a Section. Recommended 
design is no change in section whenever possible. 
junctions are preferred to the others shown. 


Recommended 


Large radii and tapered 


temperature: low fluidity, high shrink- 
age, low strength at 2700 F, and high 
cooling stresses. 

Failure to meet fundamental design 
requirements is responsible for many 
defective castings. Four types of de- 
fects are typical—hot tears, shrinkage 
cavities, misruns and sand inclusions 

Hot tears result from wide temper- 
ature differences in castings where 
excessive thermal and _ solidification 
stresses result from restricted con- 
traction and cause the metal to crack 
An example is shown in Fig. 6, where 
contraction is restrained by rammed 
sand between the flanges. Stress con- 
centrates at the reduced section and 
hot tears may form at the re-entrant 
angles A uniform section between 
the flanges would distribute the stress 
uniformly. 


Isothermsn 


Shrinkage 
Cavinies 


(a) (b) 


Fig. 7. Within Limits, Risers Can 
Help to Overcome Shrinkage Cavi- 
ties. Manner in which the casting 
solidifies is shown by isotherms in 
the casting and riser. Heavy section 
at the boss in (‘c) cannot be fed 
through the lighter section above. 


Shrinkage cavities are caused by lack 
of metal to fill the space resulting 
from volumetric contraction § during 
solidification. This defect is found in 
sections that, because of poor design, 
must be fed through thinner sections, 
which solidify before the thicker sec- 
tions are filled 

Risers are not always effective; for 
instance, in Fig. 7, section (a) would 
have a shrinkage cavity at the position 
shown if it were not fed by a riser as 
shown in sketch (b). The boss in 
sketch (c) contains a shrinkage cavity 
because the riser will not feed a heavy 
section through a lighter section 

Long, thin mold sections should be 
avoided, if possible, lest “misruns” 
‘incomplete filling of the section) occur 

The complicated nature of some parts 
results in difficult mold preparation. 


D 2, 
40 | 


if D>15in and d>40 if D<15in and d>4D 
then then in 
(a) (b) 
ref (c) 
15 Blend in 
D " deg Slope 
| 


if OA 5in and d<¥D then r«§ witha deg 


slope between the two parts 


Fig. 10. Section Changes 
Made on One Side Only 


May Be 
Values cited 


are recommended design ratios. 
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The flow of molten steel may break off 
portions of the mold or core walls and 
entrap sand in the casting (inclusions). 

Elements of Design. Although the 
skilled foundryman may be able to 
furnish sound and serviceable steel 
castings from poor designs, it will be 
at a higher price than for equivalent 
results with good design. 

Usually design is based on yield 
strength, with a factor of safety from 
3 to 10. Factors of safety are often 
factors of ignorance; there is a real 
need to determine actual stresses in 
the laboratory and under service con- 
ditions. 

Thin sections often may seem satis- 
factory from Calculations of strength 
and rigidity, but the low fluidity of 
molten steel must be considered too. 
A minimum thickness of % in. is usu- 


Fig. 11. Position of Hot Spots at 

Juncture of Two Arms of Same 

Thickness Shown by the Method of 
Inscribed Circles 


(b) (f) 


Fig. 12. Examples of Modification 
in Design. Bottom designs, (b), (da) 
and (f), are recommended because 
sections at the junctions are slightly 
smaller than the arms. 


A- Defective Junction 
8 and C-improved Junction 


Fig. 13. Cross Section of a Motor 

Frame Steel Casting, with Three 

Types of Section Junctions. Too 
much metal is present at A. 


re/in mor 


(a) Bad 


(b) Poor 


relin mox 


(c)Best(T>2d) 


Fig. 14. Mass of Metal at Junctions in (a) and (b) Rule Out the De- 
sign in Favor of (c) Where Offset Is at Least Twice the Arm Thickness. 


ally recommended. For a given thick- 
ness, steel flows better in a narrow 
web than in a wide one. If the \-in. 
section is longer than 12 in., the mini- 
mum thickness should be increased as 
indicated in Fig. 8. 

Uniformity of section minimizes hot 
spots which are responsible for temper- 
ature gradients, uneven contractions, 
shrinkage cavities (in inaccessible loca- 
tions), residual stresses and often hot 
tears. Figure 9 indicates two satisfac- 
tory methods of reducing or increasing 
a section. Another way is to make the 
transition entirely on one side (Fig. 
10). Shrinkage and cracks caused by 
isolated hot spots are illustrated by 
Fig. 11; with the two arms of the same 
thickness, there will be a “hot spot” 
at the junction. An improved design 
is shown in (b) of Fig. 12. This sketch 
also shows two other modifications 
which improve design through elimi- 
nation of possible hot spots. 

The mass of metal at junctions 
should be reduced as much as possible 
(Fig. 13 and 14). Increasing section 
thickness to increase strength may re- 
sult in defects from excessive mass. 
Figure 15 indicates one method of 
modifying a design to eliminate the 
heavier section. 

Sand cores surrounded by large 
masses of metal may fuse and adhere 
to the metal, causing difficulty in 
cleaning. The minimum diameter of 
the core will depend on the mass of 
steel surrounding it and the length of 
the cored area, and consultation be- 
tween designer and foundryman is 
especially desirable. 

Dimensional Tolerances. A guide to 
tolerances on size of castings that are 
not to be machined is shown in Table 
Ill. The average values are recom- 
mended; the minimums should be re- 
spected. The allowance to be added 
for machining will depend on the de- 
sign of the castings; however, Table IV 
is a guide. 

Specifications. ASTM A27 covers a 
large volume of commercial castings 
from mild to medium-strength carbon 
steel for general application. It covers 
eight grades of steel with maximum 
carbon ranging from 0.25 to 0.35%. 
Where tensile properties are included 
in the specification the range of mini- 
mum tensile strength is from 60,000 to 
70,000 psi, with yield strength 30,000 to 
36,000 psi, minimum elongation 20 to 


Table III. Dimensional Tolerances for Steel Castings Not to Be Machined 


Dimension to Which Tolerance Applies——— 


Under 12 in. 


Average 
Concise 
Minimum 


0.06 4+. 0.006 D 
0.04 4+ 0.005 D 
0.03 + 0.004 D 


(a) Tolerance in. min. 
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12 to 36 in 36 to 120 in. 
0.06 + 0.006 D 
0.05 + 0.005 D 
0.04 + 0.004 D 


0.08 + 0.006 D 
0.07 + 0.005 D 
0.06 + 0.004 D 


D is the longest dimension of the casting in inches 


Table IV. Machine Finish Allowances 
for Steel Castings 


Diameter, 
in. 


Allowance 
on Radius, in. 


Outside Radii on Circular Castings'” 


_ . ts 
36to 48 ..... — 

Bore Radii on Holes 

(a) Rings, spoked wheels, spoked gears 


and other circular castings 


(b) 


Fig. 15. Ribs or Brackets Permit 
Uniform Section and Avoid Defects. 


24%, and minimum reduction of area 
30 to 35%. 

Other common ASTM specifications 
for steel castings include: A95 ‘valves, 
flanges and fittings at high tempera- 
ture); A216 ‘(fusion welded castings at 
high temperature); A356 (steam tur- 
bines); A217 ‘alloy castings for pres- 
sure-containing parts at high temper- 
ature); A352 (ferritic castings for 
pressure containing parts at high tem- 
perature); A148 ‘high-strength cast- 
ings for structural purposes) ; and A128 
(austenitic manganese steel). 
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Illustrations and many of the data 
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following manuals, which may be con- 
sulted for further specific information: 


Cast Metals Handbook, American Found- 
rymen’s Society, Chicago 

Engineering Properties of Cast Iron, 
American Foundrymen’s Society, Chicago 

Symposium on Casting Design, 1952 
Foundry Educational Foundation, Cleveland 

Steel Castings Handbook, Steel Founders’ 
Society of America, Cleveland 

American Malleable Iron, 
Founders’ Society, Cleveland 

Various publicgtions of the Gray 
Founders’ Society, Cleveland 
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I. THIS NEWLY designed die casting machine (Fig. 1), built by 
Cuyahoga Industries, Inc., Cleveland, Ohio, parts required to pro- 
vide top quality, maximum engineering properties, are Meehanite 
metal. 

As can be seen from the parts indicated (Figs. 1 & 2), such cast- 
ings must be dense, uniform, free from defects, rigid, strong, and 
tough. Because of the unique contro! processes used in the manu- 
facture of Meehanite metal, these engineering characteristics are 
achieved in the right combination for the application. 

Designers and manufacturers of machinery and machine tools 
have developed a confidence born of years of success with 
Meehanite components and turn to them regularly to solve every 
important design problem. 

Consult your Meehanite foundry FIRST for engineering service 
and assistance, and ask for a copy of the new 24 page bulletin 
Castings Build BETTER Machine Tools”’. 


NEW ROCHELLE, NEW YORK 


MEEHANITE 


American Brake Shoe Co 
The American Laundry Machinery Co. 
Atlas Foundry Co 
Banner Works . 
Barnett Foundry & Machine Co 
EW. Bliss Co 
Builders Iron Foundry 
Compton Foundry 
Continental Gin Co 
The Cooper-Bessemer Corp 
Crawtord & Doherty Foundry Co 
De Laval Steam Turbine Co 
M. H. Detrick Co. 
Empire Pattern & Foundry Co 
Farrel-Birmingham Co., Inc 
Florence Pipe Foundry & Machine Co 
Fulton Foundry & Machine Co. Inc 
General Foundry & Manufacturing Co 
Georgia iron Works 
Greenlee Foundry Co 
The Hamilton Foundry & Machine Co 
Hardinge Company, Inc 
Hardinge Manufacturing Co 
Johnstone Foundries, Inc 
Koehring Co 
Lincoln Foundry Corp. 
Paimyra Foundry Co., Inc 
The Henry Perkins Co 
Pohiman Co., Inc 
The Prescott Co 
Rosedale Foundry & Machine Co 
Ross-Meehan Foundries 
Shenango-Penn Mold Co 
Sonith Industries, Inc 
Standard Foundry Co 
The Stearns-Roger Manufacturing Co 
Traylor Engineering & Mfg. Co 
Valley Iron Works, Inc 
Warren Foundry & Pipe Corporation 
Vulcan Foundry Co 

‘Canada 


Hartley Fdry Div, London Concrete Mach. Co., Ltd 


E. Long Ltd 
Otis Elevator Ltd 


Mahwah, New Jersey 
Rochester, New York 
Detroit, Michigan 
St. Louis, Missouri 


Irvington and Dover, New Jersey 
Hastings, Mich. and Toledo, O 


Providence, Rhode Island 
Compton, Calif 
Birmingham, Alabama 


Mt. Vernon, “Ohio and Grove City, Pa 


Portland, Oregon 

Trenton, New Jersey 
Newark, N. J. and Peoria, Ii! 
Tulsa, Oklahoma 
Ansonia, Connecticut 
Florence, New Jersey 
Cleveland, Ohio 

Flint, Michigan 

Augusta, Georgia 
Chicago, Illinois 
Hamilton, Ohio 

New York, New York 
York, Pennsylvania 

Grove City, Pennsylvania 
Milwaukee, Wisconsin 

Los Angeles, California 
Palmyra, New Jersey 
Bridgewater, Massachusetts 
Buffalo, New York 
Menominee, Mich 
Pittsburgh, Pennsylvania 
Chattanooga, Tennessee 

; . Dover, Ohio 
Indianapolis, ind 
Worcester, Massachusetts 
Denver, Colorado 
Allentown, Pennsylvania 

St. Paul, Minnesota 
Phillipsburg, New Jersey 
Oakland, California 


Brantford, Ontario 
rillia, Ontario 
Hamilton, Ontario 


“This odvertisement sponsored by foundries listed above.” 
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The Park Chemical Company offers manufacturers a complete line of 


Heat Treating Products that are Laboratory Controlled under the 
supervision of their staff of chemists and metallurgists. These products 
are serviced by Park’s Metallurgical Engineers. Their many years of 
experience in solving heat treating problems can help you. The Park 


man in your territory is ready to give you on-the-job service. Call him, 
or write us direct. 


A COMPLETE LINE OF HEAT TREATING MATERIAES 


@® WOODSIDE RAPID CARBURIZERS TEMPERING and 1SO-THERMAL 
Non-Burning Type QUENCHING SALTS 
Charcoal Coke 
Specifications NO-CARB * NO-KASE * NO-SCALE 
PARK-KASE LIQUID CARBURIZERS * NO-TRIDE 
QUENCHING and TEMPERING OILS CARBON PRODUCTS 


Charcoal « Crushed Coke «© Pitch 
CYANIDE MIXTURES Coke « Lead Pot Carbon 


NEUTRAL SALT BATHS @ KOLD GRIP POLISHING WHEEL 
HIGH SPEED STEEL HARDENING CEMENTS 


SALTS © PAR-KEM METAL CLEANERS 
_ PARK CHEMICAL CO., 8074 MILITARY, DETROIT 4, MICH. 


REPRESENTATIVES IN PRINCIPAL CITIES 
DETROIT, MICHIGAN (main plant and office) PHILADELPHIA, PENNSYLVANIA (branch plant) HOUSTON, TEXAS 
CHICAGO, ILLINOIS CINCINNATI, OHIO KANSAS CITY, MISSOURI 
CLEVELAND, OHIO MINNEAPOLIS, MINNESOTA ATLANTA, GEORGIA 
EAST LANSING, MICHIGAN LOS ANGELES, CALIFORNIA TULSA, OKLAHOMA 
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with the Bausch & Lomb 
BALPHOT Metallograph 


Different characteristics of a specimen will BRIGHT 
show up under different types of illumination. FIELD 
Some may be practically invisible except by, 

say, Dark Field. But the B&L Balphot Metallo- 

graph equips you for thorough study of any 
specimen—with the microscope, projector 

screen, or camera—by quickly interchangeable 

bright field, dark field, polarized light, or phase 

contrast (optional) illumination. Another ad- 

vantage of Bausch & Lomb, the world’s most 

complete line. 


Write or Phone 


Catalog E-232. Expert advisory service, yours on request. 
No obligation. Bausch & Lomb Optical Co., 

73354 St. Paul St., Rochester 2, N. Y. 

Telephone LOcust 3000. 


POLARIZED 
LIGHT 


BAUSCH 6 LOMB | 


Iron Sulphide, 100X 


Martensite, 1000X 


| 
| 
= 
» > q. 
lron Sulphide, 100X | 
= 
Stainless Steel, 250X (No. 7 Finish) 
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Design of Brazed Joints 


By the ASM Committee on Brazed Joints 


THE MOST IMPORTANT factors in 
the design of brazed joints are dealt 
with here. Detailed discussion is lim- 
ited largely to copper and silver braz- 
ing. Brazing processes are examined 
only briefly, in relation to some of the 
principal design considerations. 

The American Welding Society has 
defined “brazing” as “a group of weld- 
ing processes wherein coalescence is 
produced by heating to suitable tem- 
peratures above 800 F and by using a 
nonferrous filler metal having a melt- 
ing point below that of the base metal. 
The filler metal is distributed between 
the closely fitted surfaces of the joint 
by capillary attraction.” This defini- 
tion excludes braze welding ‘(sometimes 
called bronze welding), in which a filler 
metal having a melting point below 
that of the base metal, and above 800 
F, is fed into a fillet, groove or slot but 
is not distributed in the joint by capil- 
lary attraction. 

There has been some disagreement 
as to the classification of joints in 
which a thin shim of the filler metal is 
placed between the closely fitted joint 
surfaces, covering all or approximately 
all of the area, with the joint members 
clamped or pressed together during 
heating. There is no flow of the filler 
metal by capillary attraction in the 
usual acceptance of the term, but joint 
design is the same as for brazing, rather 
than for braze welding. 


Types of Joints 


The types of brazed joints generally 
used are lap and butt or modifications 
and combinations of them. All require 
that joint faces be kept at a close and 
uniform distance apart to insure good 
capillary attraction during brazing. As 
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a result, the filler metal in brazed joints 
has the physical structure of a thin 
casting firmly joined to the base met- 
als, regardless of its form when applied 
to the joint 

Lap (Shear) Joints are preferred when 
the extra thickness caused by the lap 
is not objectionable. Lap joints also 
facilitate the alignment of pipes, fit- 
tings and tubular members. A lap 
three times the thickness of the weak- 
est member will usually provide joint 
strength equivalent to that of the parts 
joined. Figure 1 shows three lap joints 
of correct design. 

Butt Joints are used where lap joints 
are undesirable or impractical because 
of space considerations or appearance. 
A properly designed butt joint is shown 
in Fig. 2(a). Two poorly fitted joints 
that depend on an excessive amount of 
filler metal and a bead on the surface 
of the joint members, respectively, to 
counteract poor fitting are shown in 


CI 


(a)Good 


(a)Good 


(b/Good (b)Poor (b)Good 
LA 7 
(c) Good Very Poor (c)Good 


Fig. 1. (Above Left) Brazed Lap Joints. 
Three examples of good design practice 


Fig. 2. (Above Center) Brazed Butt Joints. 
Examples of one good and two poor designs 


Fig. 3. (Column of Line Drawings at Right) 


(d)Good 


Modified Lap and Butt Joints Common in 


Design Practice 


‘a’ Good modified butt joint. 


(b) and (c) Good modified butt-lap joints. 
(d) Good modified lap joint. (e) Poor modified 


butt joint 


(e) Poor 


Fig. 2(b) and (c). Other modified butt 
joints are shown in Fig. 3 

Scarf Joints are modified butt joints 
and are used to provide a greater sur- 
face area than a 90-deg cut where the 
double thickness of the lap joint is pro- 
hibitive (Pig. 4). If the angle of the 


Fig. 4. Scarf Joint 


scarf with the longitudinal axis is re- 
duced to 30 deg, the area on the joint 
face will be two times, and at 19'» deg 
will be three times the area of a right 
angle section. Scarf joints carefully 
prepared with parallel joint faces are 
useful in joining band saws or in simi- 
lar applications where bending as well 
as tension occurs. Other good and poor 
joints are illustrated in Pig. 5 

Method of Introducing Metals into 
the joint depends on the manner of 
heating, the design of joint and the 
quantity to be produced. In general, 
filler metal may be either face-fed or 
preplaced into all types of joints. With 
flat members, a light pressure can be 
applied during brazing to hold them in 
proper relation. In face feeding, filler 
metal in the form of wire, rod or strip 
is fed by hand into the joint area when 
the temperature is proper to flow the 
filler metal. Preplaced filler metal 
(wire, rings, special shapes, shims, fil- 
ings or washers) is inserted when the 
parts are assembled, after they have 
been cleaned and fluxed. When braz- 
ing temperature is reached, the pre- 
placed filler metal melts and flows into 
the joint area. The preplaced form 
should be located so that it does not 
interfere with the fit of mating parts 

Most of the typical joints shown in 
Fig. 1 through 5 could be made either 
by face feeding or preplacement of the 
filler metal. The joints in Fig. 6 illus- 
trate common examples of preplace- 
ment of wire, washers and shims; poor 
design that prevents the upper member 
from settling on the lower as the filler 
alloy melts is shown in Fig. 6(a); the 
examples in (b) and (‘c) are satisfac- 
tory; (d) and (‘(e) show voids left after 
brazing when rings of filler metal are 
preplaced in grooves; such voids reduce 
the bonded lap area and may necessi- 
tate an increase in the length of lap 
However, the filler metal should be 
placed so that, during brazing, the flux 
will be forced out of the joint ahead of 
the filler metal as shown in 6(/) and 
(g); examples (h) and (i) represent 
other commonly used methods of plac- 
ing preformed filler metal. 

Joints in fully enclosed vessels must 
provide a vent for escape of expand- 
ing gases. This applies also to the 
joining of parts with included pockets 
~for example, a square-ended rod in a 
blind hole. 


Filler Metals and Base Metals 


Filler metals are divided into seven 
groups, according to chemical composi- 
tion, as shown in Table I. 


Supplements the article on pages 
78 to 81 of the 1948 ASM Metals 
Handbook 
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Table I. 


Chemical Compositions of Brazing Filler Metals 


(Single values are maximum percentages, except where otherwise noted.) 


AWS- 
ASTM -—Others— 
Class Si Cu Fe Zn Mg Mn Cr Ti Al Each Total 
Aluminum -Silicon 

BAISi-1 40- 60 0.30 08) O10 005 0.05 0.20 Rem 005 O15 
BAISi-2 68- 82 6.25 0.20 Rem 005 015 
B AISi-3 93-107 33-47 080 620 O15 O15 O15 Rem 0.05 0.15 
BAISi-4 11.0-13.0 0.30 080 020 010 O15 Rem 005 0.15 

Pp Ag Cu Other 

Copper-Phosphorus 

BCuP-1! 4.78 toS25 Rem 0.15 

BCuP-2 6.75 to 7.50 ae Rem 0.15 

BCuP-3 6.00 to 6.50 475to 525 Rem 0.15 

BCuP-4 6.75 to 7.80 5.75to 6.25 Rem 0.15 

BCuP-5 4.75 to 5.25 14.50 to 15.59 Rem 0.15 

Ag Cu Zn Cd Ni Sn Others 
Silver 

BAg-1 44 to 46 14 to 16 14to18 0.15 
BAg-2 34 to 36 25 to 27 19 to 23 17 to 19 0.15 
7 BAg-3 49 to 51 145to 165 13.5 to 17.5 15to17 25to 35 0.15 
s BAg-4 39 to 41 29 to 31 26 to 30 15to25 0.15 
BAg-5 44 to 46 29 to 31 23 to 27 ; 0.15 
BAg-6 49 to 51 33 to 35 14 to 18 0.15 
BAg-7 55 to 57 21 to 23 15 to 19 451055 0.15 
BAg-8 Jl to 73 27 to 29 0.15 
BAg-9 64 to 66 19 to 21 13to17 cinoma Jane ; 0.15 
BAg-10 69 to 71 19 to 21 oo eee 0.15 
BAg-1l 74 to 76 21 to 23 0.15 


Au 


BCuAu-1 


Others 


Copper-Gold 


37.25 to 37.75 Rem 0.005 
79.75 to 80.25 Rem 0.005 
Oth- 
Cu Sn Fe Mn Ni P Pb Al Si Ag Zn ers 
Copper and Copper-Zine 
BCu 99.90 0075 002 OO1 
BCuZn-1 58 0-62.0 Rem 0.50 
BCuZn-2 57.0 min 0.25- 005 OO1 Rem 0.50 
1.0 
BCuZn-3' 56.0 min 11 025- 10 10 0.05 001 025 Rem 0.50 
1.25 
BCuZn-4 50 0-55.0 , 0.10 0.50 Rem 0.50 
BCuZn-5 50.0-53.0 30- 0.10 0.50 Rem 0.50 
45 
BCuZn-6 46.0-50.0 0.25 90- 005 0005 0.15 Rem 0.50 
11.0 
BCuZn-7 460-480 10.0- 0.20- 0.15 030- Rem 0.10 
110 86050 1.00 


Al Mn Zn Mg Others 
Magnesium 

BMeg 83to 9.7 0.10 min 17to2.3 03 0.05 0.01 Rem 0.03 

Ni Cr B Fe Si Cc Ag Mn Others 

Heat-Resisting Metals 

BNiCr 65 to 75 1I3to20 275to475 (ec) (ce) (c) 050 
BAgMn 84 to 86 14to16 0.15 

(a) Copper plus silver (b) RCuZn-B and RCuZn-C welding rods (see Tentative 


Specifications 
meet these 
RCuZn-C 

(ec) 


for Copper and Copper-Alloy 
requirements BCuZn-3 brazing 
welding rod only if it meets the 


Total iron plus silicon plus carbon = 10.0 


Selection of the base metal depends, 
as always, on the service requirements. 
The problems may involve joining dis- 
Similar metals, such as brass fo steel, 
or light and heavy sections of the same 
metal. 

Except for magnesium, more than 
one filler metal can be used with each 
base metal. Selection depends on the 
composition and properties of the base 
metal, corrosion resistance, method of 
heating and the effects of brazing tem- 
perature on properties of the base metal. 

The method of heating is important 
in selecting a filler metal. In slow 
furnace heating, especially of massive 
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Welding Rods) (ASTM B259; AWS A5.7) 
filler metal can be used as RCuZn-B or 
specification requirements of these rods 
max 


parts, a filler alloy approaching a eutec- 
tic composition (narrow melting range) 
is best. When large gaps must be filled, 
or fillets are required, alloys having a 
wide temperature range between the 
solidus and liquidus temperatures are 
best. Brazing fillers which contain 
phosphorus are self-fluxing on copper 
and copper alloys, but are not used 
on ferrous alloys or on other metals 
containing more than 10% Ni, because 
brittle phosphides are formed. 

The same general principles on 


method of heating apply to brass and 
Silver filler metals, except for the higher 
brazing temperatures of the brasses. 


ASM Committee on Brazed Joints 


Rosert H. Chairman 
Director & Technical Consultant 
Handy and Harman 


ARTHUR N. KUGLER 
Chief Welding Engineer 
Air Reduction Sales Co. 


Georce R. Lonc, Manager 
Materials & Process Engineering 
Frigidaire Div. 

General Motors Corp. 


Joint Clearance 


Small clearances give the benefit of 
capillary attraction to flow the filler 
metal. Clearances recommended by the 
AWS-ASTM Joint Committee on Filler 
Metal in ASTM Specification B260-52T 
are listed in Table II. 

As joint clearances cannot be meas- 
ured conveniently at brazing tempera- 
ture, the designer must compute them, 
allowing for the effects of expansion on 
heating the parts from room tempera- 


Table Il. Recommended Clearance at 
Brazing Temperatures (AWS-ASTM) 


Filler 
Metal 
Group 


Joint 
Clearance, 


0.006 to 0.010'" 
0.010 to 0.025 
0.001 to 0.005 
0.002 to 0.005 
0.002 to 0.005 
0.000 to 0.002' 
0.002 to 0.005 
0.004 to 0.010 
. .0.002 to 0.005 
0.002 to 0.005 


Aluminum-Silicon. .. 


Copper-Phosphorus 
Copper-Gold 
Copper 
Copper-Zine 
Magnesium 
Nickel-Chromium 
Silver-Manganese 
(a) For round or tubular 
means a clearance on the radius (b) 
Length of lap less than ', in (c) Length 
of lap more than '4 in (d) For maximum 
strength use 0.000 clearance, or press fit 


members this 


ture to the brazing temperature (see 
Table III). If a brass tube is brazed 
into a carbon steel tube, the brass will 
expand much more than the steel and 
therefore will close some or all of the 
space provided at room temperature 
The space might be too small for the 
filler metal to flow or, if it did flow, 
the contraction of the brass on cooling 
might pul it away from the steel. Un- 
less the filler metal is thick enough to 
withstand this stretching action, it will 
crack. The contrary effect would occur 
if the steel were brazed inside the brass 
tube; thus, a very small original clear- 
ance would be needed and, after cool- 
ing, the filler metal would be in com- 
pression, which is the most desirable 
condition to prevent cracking during 
cooling of the joint. 

Even when joint members are made 
of the same metal they may differ 
enough in shape or size to beat and 
cool nonuniformly, which may cause 
cracking on cooling unless enough thick- 
ness of filler metal is provided. Long 
butt joints are an example of the diffi- 
culty of uniform heating and cooling 

Heat treatment, especially quenching, 
after brazing may crack joints between 
members of different size and shape. 


| 
= 
= Cu 
. 
i 
’ 


The smaller parts will cool faster and 
may cause thermal stresses higher than 
the strength of the filler metal, partic- 
ularly when the filler metal is still in 
the hot short temperature range while 
these stresses develop. The clearances 
in Table II are usually sufficient to 
prevent such heating and cooling effects. 

Another example requiring special 
consideration is the joining of a long 
section of a brittle member, such as 
sintered carbide, to steel. As the assem- 
bly cools, the steel contracts unevenly 
because the side bonded to the rigid 


(d) Poor 


(b)Good 


Fig. 5. 


carbide is restrained; the stresses may 
either break the bond or crack the car- 
bide. Brazing a thin sheet of copper 
between carbide and steel will prevent 
the cracking; the soft copper absorbs 
most of the strain. 

The wide clearances with aluminum 
filler metals (0.006 to 0.025 in.) are re- 
quired to maintain good capillary flow 
because the aluminum-silicon filler 
metal is viscous and alloys rapidly with 
the joint members at brazing heat. 

For copper, desirable clearances are 
very small or negative ‘0.000 0.002 in.) 


(9) Good 


(1)Poor 


Examples of Good and Poor Design of Brazed 
Joints Involving Cylindrical Sections 


Eleven eramples 


are shown of both good and poor practice in the design 
of modified butt, lap and butt-lap joints used in brazing 
tubular sections to each other and to other parts. 


Preplaced Shim 


BS 


(a) Bod 


(f) (g) 


(b) Good 


Wosher — 


4 
(c) Good 


(h) (i) 


Fig. 6. Joints Brazed with Preplaced Filler Metal Forms 


because the filler metal is less viscous 
and alloys less rapidly. Figure 7 shows 
that a “press fit’ gives no appreciable 
gain in strength over a “snug fit” 
‘0.000 allowance) In addition, drive 
fits require a longer heating time to al- 
low the copper to penetrate the joint 
and they create stress concentration 
that mav reduce the service life of parts 
subjected to repeated cycles of 

Figure 8 shows that, under the test 
conditions, with small clearances and 
base metal of high strength, the joint 
strength greatly exceeds that of the 
filler metal, probably because the neck- 
ing tendency of the filler metal is pre- 
vented, When the metal being joined 
is weaker than the filler metal, this ef- 
fect will not occur. These tests relate 
to tensile strength of butt joints; the 
effect of joint clearance may be less for 
shear strength of lap joints 

For silver brazing of low-carbon steel, 
the peak is not so sharp as in Fig. 8, 
depending on the strength of the steel 


stress 


Strength of Brazed Joints 


When several members of different 
dimensions are joined by brazing, the 
design of the assembly will often have 
a pronounced effect on the combina- 
tion of stresses 

Strength of Filler Metals. The tensile 


Table If. Solidus, Liquidus, and 
Brazing Temperature Ranges 
of Brazing Filler Metals 


Soli- Liq- 
dus, uidus, 
deg deg 


Fahr Fahr 


Brazing 
Temperature 
Range, deg 


Aluminum. Silicon 
1070 1165 
1070 1135 

970 1085 
1070 1080 


1150 to 1185 
1120 to 1140 
1060% 1185 
1090 to 1185 
Copper-Phosphorus 
1650 
1485 
1500 
1380 
1500 


‘uP-1 
‘uP-2 

uP-3 
“‘uP-4 


1CuP-5 


1305 
1305 
1195 
1185 
1185 
Silver 
1125 1145 
1125 1295 
1195 1275 
1240 1455 
1250 1370 
1270 1425 
1145 1205 1205 to 1400 
BAg-8 1435 1435 1435 to 1650 
BAg-9 1280 1325 1925 to 1550 
BAg-10 1335 1300 
BAg-11 1365 1450 


1450 to 1700 
1350 to 1550 
1300 to 1550 
1300 to 1500 
1300 to 1500 


BAg-1 
BAg-2 
BAg-3 
BAg-4 

BAg-6 
BAg-7 


1145 to 1400 
1245 to 1550 
1270 to 1500 
1455 to 1650 
1370 to 1550 
1425 to 1600 


1390 to 1600 
1459 to 1650 
Copper-Gold 
1755 1815 
1620 1630 


“‘uAu-l 
‘uAu-2 


1815 to 2000 
1630 to 1850 
Copper and Copper-Zine 
‘u 1980 
‘uZn-l 1650 
"uZn-2 1630 
‘uZn-3 
‘uZn-4 
‘uZn-5 
‘uZn-6 
‘uZn-7 


1980 
1660 
1650 
1630 
1595 
1610 
1715 
1710 


2000 to 2100 
1670 to 1750 
1670 to 1750 
1590 
1570 
1585 
1690 
1685 


1670 to 1750 
1600 to 1700 
1620 to 1700 
1720 to 1800 
1690 to 1800 
Magnesium 
70 1110 1120 to 1160 
Heat-Resistant 

1850 

BAgMn 1760 
Solidus and liquidu 
nominal compo 


1950 
1780 


2000 to 2150 
1780 to 2100 
hown are for the 


tion in each Classification 
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Y Sheor Strength of Low Carbon Steel 


Shear Stren gth of Copper, 


A / / 
690 101000 


“Press 


/b 


y 


/ 
0.015 -in. Interference 


/ 


rt or Fig. 8. Relation of Tensile Strength 
: of Brazed Joint to Thickness of 
Filler Metal in Joining 0.031 by 


Interference /7 


/ /, 300 10 400-16 Press Fit; 0002-in 


+ 0.5-In. 18-8 Stainless Steel of 160,000 
| | | } psi Tensile Strength with Filler 

‘Snug Fit; OOOO Clearance 


Loose Joint; O003-in. Clearar 
/ Maximum 


Avera je 


Minin 


| 


5 10 15 20 30 
Shear Strength of Joint, 1000 psi Bb a 
2 on 5 
Fig. 7. Effect of Fit on the Shear Strength of Copper Brazed Joints in Low- T 


ensile Strength of Metal Joined, /OOO ps 
Carbon Steels (Oswald and Homan) 


Fig. 9. Relation of Joint Tensile 
Strength with Tensile Strength of 
and shear strengths of the filler metal — tensile strength and not shear strength Metal Joined at Various Thicknesses 
are of secondary importance in deter- — of the base metal. Higher shear strength of Filler Metal ( Ref. 17) 
mining the strength of the joint. When values may be realized in the thicker 
the filler metal is stronger than the © silver brazed joints on 


stronger base 


base metal, failure will occur outside metals, while thinner joints give higher — %0f T T T ie ~ | 
the joint; when the joint members have — values on the weaker base metals, al- ° 
much higher tensile strength than the though differences are small. A con- 5 | 
filler metal, failure will be in the joint servative maximum value of 25,000 psi 4 
i but usually at a stress much higher in shear for silver alloy filler metal is . ro 
than the tensile strength of the filler recommended for design. 6% hear Joint: 
metal itself if the joint has been fitted Joints made with BCu copper brazing . ‘ \ { 
with recommended clearance (Table II) — alloys, whose shear strength is about ° 
and properly brazed. 20,000 psi, approach the shear strength 5, : 
Strength of Joints. With silver braz- of the base metal, depending on the § , = 
ing alloy of tensile strength 60,000 to clearances, as shown in Fig. 7. = 
70,000 psi, the tensile strength of a Table IV summarizes the available 
wiped joint® in stainless steel may data on shear and tensile strengths of » 
sometimes be as high as 130,000 psi, with the most common combinations of filler 4 aor ry ; , AL 
an average of 80,000 to 100,000 psi for metal and base metal. tte Caos sth of Metal ned psi 
the usual range of clearances, as shown Data on brazing various aluminum 
in Fig. 8. alloy products are given on page 784 of 


0. telat Shear Strength 
Strength of joints made with silver the 1948 Metals Handbook. .. Relation © oy’ ae 


of Silver Brazed Joints in Torsion to ra 
brazing alloys on metals of lower Tensile Strength of Metal Joined 
strength than the brazing alloy will be Stress Distribution Joint clearances in these tests on 
no stronger than the metals brazed, as wiped joints varied from 0.001 to 
shown in Fig. 9. Stress concentration is likely to be 0.004 in. (Ref. 17) 


Figure 10, for wiped silver brazed serious when the joint members are 
joints, shows less percentage variation = stronger than the brazing alloy and 
in shear strength with different base differ in thickness and rigidity. Figure One way to eliminate this stress con- 
metals than for silver brazed butt joints 11 illustrates the problem. If a rigid centration is to taper the rigid member 
in tension (Fig. 9). The results in Fig handle is brazed to the thin blade of a as shown in Fig. 1lltc), (d) and (e) 
10 are for specimens loaded in pure mason’s trowel, as shown in Fig. 11a) Another solution is shown in Fig. 11(/), 
shear, uncombined with tension stresses and the blade is bent, it starts to tear where the flexible member is thickened 
as normally found in lap joints; note’ at the end of the handle as shown in Tapering is preferable, however 
also that the results are plotted against Pig. 11(b). No strength is gained by Distribution of Shear Stress in Lap 
*#Wiped joints of high quality are made = !lcreasing the length of the joint; the Joints. Figure 12(q@) illustrates a simple 
by rubbing the joint faces together before point of high stress is only moved lap joint with marks scribed on the 
the filler metal freezes farther along the blade brazing layer. After the load is applied 


Fig. 11 


Stress Concentration in a Brazed Joint 
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Fig. 12. Analysis of Stresses 
in a Brazed Joint 


as shown in Fig. 12(b) these marks will 
move in the direction indicated. Length- 
ening the lap beyond a certain limit 
will not add to the shear strength, Fig. 
12‘c). This analysis of, shear stresses 
in a lap joint, originally shown by N. A. 
DeBruyne, demonstrates that the strain 
and therefore the stress is higher at 
the ends of the joint. This difference 
in extension of the two joined members 
creates a corresponding distribution of 
stress in the filler metal. The displace- 
ment of the forces which cause these 
strains, from a common axis, introduces 


Fig. 13. Designs for Reduction 


of Stresses 


a bending couple at the end of the 
joint which creates a tension stress in 
the filler metal and may start a crack. 

Changes in the design of the joint 
members shown in Fig. 13(a@) and 
(b) illustrate how much of this unfa- 
vorable distribution can be overcome. 

Figure 14(a) shows the application of 
bending forces on a butt joint that 
would cause additional stress and 14¢b) 
shows how the designer can overcome 
this tendency. 


as 


Fatigue Strength 


Much the same principles should guide 
the designer when fatigue strength is 
involved. The general rule is to design 
so that the brazed joint will be located 
in a region of low stress, as illustrated 
in Fig. 15, where unit stress has been 


Siligon Bronze 


! 
(a) 


Fig. 14. Butt Joints with 
Superimposed Bending 


Fig. 15. Design for Reduction of Unit 
Stress in a Brazed Joint 


decreased by increasing the section at 
the joint 

The available fatigue data on brazed 
joints are confined largely to tests on 
butt joints in bar stock of steel, brass 
and bronze, usually run in comparison 
with solid specimens of the same metal 
The clearances that give maximum 
strength of joint under static loading 
also give maximum fatigue strength 

Figure 16 is an S-N curve for an R 
R. Moore rotating-beam test of silicon 


a 6 8 6 
/ 


Number of Cycle 


Brazed Spe 


BAg-! Butt 


4 


of Repeated Tensile 


Brazed Specimen, | 
BAg-! Butt Joint,as Shown 


40 Brass 


Joint? 


| 


| 


| 


| 
| 
|_| 


10° 


Number of Cycles of sed 


Fig. 16 


brazed and unbrazed 60° Cu-—40% 


Number of ¢ ycle 


Fig. 16 to 19. Fatigue Data 


Fatigue limit of silver brazed silicon bronze rotating-beam specimens (Ref. 17). 
Zn specimens stressed in reversed torsion (Ref. 2). 
brazed and unbrazed mild steel specimens stressed in reversed torsion (Ref. 2 

reversed torsional shear loading, of copper brazed joints in mild stéel with a joint clearance of 0.0005 in 


8 2 4 6 8 


10* 


io” 
Number of Cycies of Reversed Torsion 


if Reversed 


Fig. 17. Fatigue limit of silver 

Fig. 18. Fatigue limit of silver 
Typical fatigue curve under 

(Ref. 2) 


Fig. 19 
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Table IV. Average Values of Joint Strength for Design Purposes 


(H. R. Brooker and E. V. Beatson) 


Joint Combination 


Copper brazing alloy in mild steel 
(depends on fit) 

High-silver quaternary brazing alloy 
in mild and low-alloy steel 

High-silver quaternary brazing alloy 
in nonferrous metals eer 

srazing brasses in mild and low-alloy steel 

jrazing brasses in nonferrous metals 


Aluminum brazing alloys in aluminum 


bronze, butt brazed at the center with 
BAg-1l. ‘This specimen is about the 
worst design for practical application; 
discontinuities in the brazing layer, ex- 
posed by machining, can intersect the 
surface and form notches or stress rais- 
ers that will lower the fatigue limit 
Also, in product design, the joint would 
be placed in a region of lower stress, 
rather than at the most highly stressed 
location. The silicon bronze had a ten- 
sile strength of 63,000 psi and fatigue 
limit of 38,000 psi; the brazed joints 
showed a fatigue limit of 26,000 psi. 
Figure 17 shows torsional fatigue be- 
havior of brazed and unbrazed speci- 
mens of Muntz metal (60-40 Cu-Zn). 
The brazed joint was made with BAg-1 


Table V. Static Shear Strength 
and Fatigue Limit in Shear 
for Copper Brazed Joints 


(Hi. R. Brooker and E. V. Beatson) 
Shear Fatigue 
Joint Fit, Strength, Limit, 
in. psi psi 


0.0005 (clearance) 
0.001 
0.002 


25,800 
29,200 
34,000 


10,800 
11,300 
11,800 


(interference) 
(interference) 


alloy and located at the smallest part 
of the specimen. Both brazed and un- 
brazed specimens showed the same fa- 
tigue limit, 22,000 psi in torsion 

Figure 18 shows torsional fatigue lim- 
its of joints in mild steel with the same 
type of specimen. Brazed with an alloy 
of 61% Ag, 285° Cu and 105% Zn 
(a British standard) these specimens 
showed a fatigue limit of 24,500 psi, 
compared with 26,500 psi for the solid 
steel. An attempt was made to com- 
pare ‘the silver filler metal with another 
containing 55% Cu and 45% Zn 
(BCuZn-4) but most of the specimens 
failed prematurely because of unsound 
joints. The result of one test on a 
sound joint is plotted in. the lower part 
of Fig. 18. 

Fatigue of copper brazed joints in 
mild steel is shown in Fig. 19. Table V 
compares torsional fatigue and shear 
strength of these joints for three dif- 
ferent conditions of fit. 


Impact Strength 


When the filler metal is swonger than 
the base metal, an impact specimen 
with a butt joint will yield in the base 
metal before the joint breaks. When 
strong base metals are joined with a 
weaker filler metal, the designer should 
make some part of the structure weak 
enough to yield and absorb the impact 
energy before the breaking strength of 
the joint is exceeded. 
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Design Values for Ultimate Strength 
of Joints of Average Soundness, 

psi (based on joint area) - 

Shear Tensile 


22.000 to 31,000 25,000 to 49,000 


. 25,000 to 45,000 38,000 to 58,000 

. Usually exceeds that of metals joined 

. 18,000 to 36,000 31,000 to 56,000 
Comparable to that of metals joined 

. Usually exceeds that of metal joined 


Table VI gives results of impact tests 
of specimens made from bar stock ' 
in. square and then ground to 0.394 in. 
square after brazing, as illustrated in 
Fig. 20(a). With heat treated steel, the 
impact strength of the joint can be in- 
creased by machining the specimen as 
shown in 20(b); the thinner section will 
deform before the joint breaks. The 
searf joint shown in 20(c) will also have 
higher impact strength because the 
joint intersects the surface at a dis- 
tance from the center of the specimen, 
which is the location of maximum 
bending moment. As the scarf is 
lengthened, the joint faces approach 
the plane of the surface of the speci- 
men and the stress changes from ten- 
sile to shear. 

The T-joints shown at 20(d) will 
give considerable impact resistance 
when properly made with soft metals 
but ‘(e) and (f) are much stronger, the 
strength of (f/) depending on the rela- 
tive thicknesses of the parts shown. 
With strong, hard metal (‘e) is the 
strongest and (d) should be avoided. 


Table VI. Impact Tests of Unnotched 
Specimens of Brazed Joints 

(Ref. 17, Bulletin T-4) 

See Fig. 20(a) Average Impact 

Strength, ft-lb 


Brazed 4140 Ingot 
With Steel Iron 
Ductile alloy ‘ 17 39.9 
Semi-brittle alloy . 16 12.1 
Very brittle alloy 16 18 


Elevated and Sub-Zero 
Temperatures 


The strength of brazed joints at ele- 
vated temperatures is determined al- 
most entirely by the base and filler 
metals used and not by the design of 
joint. The joint becomes weaker as the 
temperature increases, except where 
diffusion of the base metal strengthens 
the filler metal. Table VII gives some 
maximum service temperatures for 
which the different groups of filler 
metal may be used for continuous and 


Fig. 20. Joints Loaded in Impact ( Ref. 17) 


short-time service. The curves in Fig: 
21 are from various tests; the data 
should not be used as design values. 

High-temperature applications of 
brazed joints require filler metals 
BAgMn, BCu or BNiCr, listed in order 
of increasing heat resistance. The ten- 
sile and shear data reported in Fig. 22 
to 25 were obtained with joints of all 
three filler metals in base metal S-590 
heat-resisting alloy.* Figure 26 is for 
type 347 stainless steel. All specimens 
were brazed with zero clearance in a 
dry hydragen atmosphere. Tensile spec- 
imens were plain butt joints; shear 
specimens (Fig.25) were of the tongue- 
and-slot double-shear type. 

The tensile specimens brazed with 
BCu and those brazed with BAgMn 

_ consistently failed through the joint 
Most of the specimens brazed with 
BNiCr failed through the joint, up to 
1600 F; above this temperature, failures 
in the base metal increased with tem- 
perature. 

Sub-Zero Temperature need cause no 
concern unless below 100F. If low 
temperature is the primary design con- 
sideration, joints similar to those in the 
structure should be tested. 
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Fig. 21. Short-Time Strength Versus 

Temperature. Tensile strength for 

butt joints, shear strength for lap 
joints (Ref. 17) 


Electrical Conductivity 


A properly designed brazed joint 
should not add appreciable resistance 
to an electrical circuit. The conduc- 
tivity of the filler metals is low com- 


*#For composition and properties of S-590 
alloy, see “Heat-Resisting Alloys”, 
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Fig. 22. 
with three filler metals (Ref. 10). 
Fig. 24. 
strength versus temperature; same conditions as Fig. 22 (Ref. 10) 


Fig 


pared with copper but the joint thick- 
ness is ordinarily so small compared 
with the length of the conductors being 
joined that the added resistance is 
negligible. In order to overcome any 
doubts about the effect of voids or flux 
inclusions, a lap joint having a length 
1's times the thickness of the thinner 
member will provide a joint equivalent 
in conductivity to the solid member. 


Table VII. 
Maximum Service Temperatures 


Short- 
Time 
Service, 


Con- 
tinuous 


Filler Metal Service, 


Group deg Fahr deg Fahr 
Copper-Phosphorus 300 300 
Silver 300 500 
Copper-Zinc 300 500 
400 900 
Silver-Manganese 500 900 
Nickel-Chromium 1000 2000 

From “The Brazing Manual”, AWS (to 
be published 1954) 


Corrosion Resistance 


Little can be done in the design of 
the joint to influence corrosion resist- 
ance of the finished assembly. A long 
lap has a slight advantage over a butt 
joint, and a lock seam gives a greater 
factor of safety. Where the corrosion 
problem is serious, the choice of filler 
metal with metal being joined is the 
important factor. For example, the 
copper-base and silver-base filler metals 
have corrosion resistance similar to 
copper and copper alloys. With fer- 


Temperature, deg Fahr 


Fig. 22 to 25. Short-Time Tensile Characteristics at Elevated Temperatures 


Short-time tensile strength of butt jaints of zero clearance on S-590 heat-resisting alloy, hydrogen brazed 
23. Joint efficiency versus temperature; 
Yield strength and proportional limit versus temperature; same conditions as Fig. 22 ( Ref. 10). 


rous metals it is advisable to make 
tests of the joints. 

G. H. Sistare, J. J. Halbig and L. H. 
Grenell have reported on the corrosion 
resistance of silver brazed joints in 
Stainless steel, especially the straight- 
chromium grades. They give particular 
consideration to a form of “crevice 
corrosion” and point out a preference 
in the choice of stainless and brazing 
alloys, when the joints are exposed to 
certain corrosive conditions such as 
quiet tap water, especially when it con- 
tains chlorine. The copper-phosphorus 
filler metals should not be used for 
joints that will be in contact with hot 
gases containing sulfur in any form. 

The safest course is always to make 
tests under the actual operating condi- 
tion to which the joint will be exposed. 


Brazing Processes 


The brazing process governs the 
method of heating. Table VIII is a 
guide to the suitability of the several 
commercial brazing processes to the 
various base metals and filler metals. 

Details of processing and recommen- 
dations on how to braze are outside the 
scope of this article. The following 
notes serve to define the salient char- 
acteristics of processes listed in Table 
VIII and to indicate certain features 
relevant to design. 

Torch brazing is widely used because 
torches are available everywhere and 
because widely different masses of 
metal can be brazed with them. Twin- 
carbon arc brazing is little used be- 
cause other processes accomplish the 
same result more effectively. 

Furnace brazing is widely used for 


> same conditions as Fig 


22 (Ref. 10). 
Fig. 25. Shear 


mass production; brazing with copper 
filler metal (BCu) is done exclusively 
in furnaces, with a reducing atmos- 
phere such as hydrogen or those ob- 
tained by cracking natural gas, am- 
monia, city gas, or other appropriate 
atmosphere. 

When brazing is done in controlled 
atmosphere furnaces, there must be no 
oxides or adsorbed films; clean surfaces 
at the brazing temperature are a pre- 
requisite to proper wetting of the joint 
faces and good bonding. Occasionally, 
in copper brazing in a reducing furnace 
atmosphere, oxides may be tolerated, 
providing the furnace atmosphere is 


347 
Base Metal * 


80 
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Fig. 26. Short-Time Tensile Prop- 
erties of Butt Joints on Type 347 
Stainless Steel, Hydrogen Brazed 


(Ref 10) 
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Table VIII. Suitable Combinations of 


Base Metal 
High-Carbon Stain- 
jrazing Al & Al My & Mg Ni Ni & Tool less Cast 
Proce Alloys Alloy Alloys Steels Steels Irons 


Torch 


BAISi BMg BAg BAg 6 BAg BAg 
BCuZn BCuZn 3NiCr BCuZn 
sNiCr BCuZn 


Twin- 


BAISi BMg BAg BAg BAg BAg 
Carbon BCuZn BCuZn BCuZn 
Are 
Furnace BAISi BMg BAg BAg BAg BAg 
BAgMn BCu 3AgMn BCuZn 
BCu BCuZn BCu 
BNiCr BNiCr BNiCr 
BCuZn 
Induction BAISi BMg BAg BAg BAg BAg 
BNiCr BCu BNiCr BCuZn 
BCuZn BCuZn 
3NiCr 
Resistance BAg BAg BAg 
BCuZn 
Dip BAISi BMg BAg BAg BAg 
BCuZn 
Block BAISi BMg BAg BAg BAg BAg 
BCuZn BCuZn 


Flow 


accessible to the oxide before or during 
melting of the copper, so that the oxide 
is reduced to a spongy form that is 
then readily wetted by the molten 
copper. 

Induction brazing is widely used and, 
since the heat may be localized in the 
joint area, it is particularly useful 
where general heating must be avoided. 
Control of the rate of heating is par- 
ticularly important in induction braz- 
ing. Proper location of the heating coil, 
rate of input and use of auxiliary coils 
will prevent excessive variation in the 
clearance between inner and outer 
members. 

Resistance brazing is generally lim- 
ited to lighter sections of metal that 
may be accommodated in either resist- 
ance brazing tongs or resistance weld- 
ing machines modified to perform the 
brazing operation. 

Dip brazing involves two distinct 
processes. In one a molten bath of 
brazing filler metal, usually with a 
covering of molten flux, is the source 
of heat. The parts, usually small, are 
dipped through the flux into the molten 
brazing filler metal, and this brazes the 
joint. The other method, known as 
chemical bath dip brazing, uses a bath 
of molten salt, wherein the parts, prop- 
erly cleaned and prepared with pre- 
placed filler metal, are immersed. Pre- 
heating may be necessary before im- 
mersion 

In block brazing, large heated metal 
or carbon blocks supply the heat, and 
the parts to be brazed are placed in 
close contact with the heated blocks. 
This process has been largely super- 
seded by other more effective means 

Flow brazing involves the pouring of 
molten brazing filler metal over the 
joint area, The joints are usually pre- 
heated but a portion of the heat for 
brazing is secured from the flow of the 
molten filler metal over the joint. 

Wetting and Bonding. Surfaces ta be 
brazed should be free from oxides, oily 
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From “The Brazing Manual", AWS (to be published 1954) 


BCuZn 


films or foreign matter. If flux is 
necessary, it should be spread evenly; 
the filler metal, as well as the base 
metal should be protected with flux. 
When shims of the filler metal are 
placed between the joint surfaces only 
a thin coating of flux is required if 
the surfaces have been properly cleaned 
and well fitted before assembling. 

The design should provide flat sur- 
faces free from uneven areas that 
might interfere with the capillary forces 
when the joint members are pressed 
together. Grade 100 emery will pro- 
duce a good surface; highly polished 
surfaces or deep file cuts should be 
avoided. Surface roughness should be 
less than 100 micro-in. 

Soundness of Joint. Voids are usually 
caused by improper cleaning or irregu- 
larities on the joint surfaces Poor 
assembly or wide spacing will also pre- 
vent proper flow of the filler metal and 
the displacement of the flux. Uniform 
heating of the joint members to the 
brazing temperature will help. 

Joints should be designed and filler 
metal placed so that the molten filler 
metal flows and displaces the flux and 
forces it outside the joint. When in- 
serts are preplaced between flat mem- 
bers of lap joints, pressure on the joint 
during heating will assist in removing 
the flux when the filler metal becomes 
molten. Although sound joints are 
largely the result of correct brazing 
procedure, designs can sometimes be 
modified to make the brazing easier 
and more efficient. 
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PROCESSING AND TESTING 


Carbonitriding 


The process. Equipment. Atmospheres. Composition of case. Hardness 
of case. Tempering of case. Advantages of carbonitriding. Disadvantages. 
Cost factors. 


The Agitation of Quenching Mediums 


ffect of flow rate of oil. 


Correlation curves for water, oil and molten salt. 


Recommended procedures for determining costs. Cost of hardening a car- 
burized pinion gear, Comparative costs for carburizing by the bateh gas 
method versus the continuous pack method. Comparative costs of gas and 
pack carburizing in two plants. 


Selection of Metal Cleaning Methods 


Removing pigmented drawing compounds from sheet steel parts. Removing 
other types of soil from sheet steel parts. Removing chips and cutting fluids 
from machined parts. Removing polishing and bufling compounds from 
polished parts. weal ing seale from forgings. Cleaning of small nestling 
parts. Cleaning sheet stock in mill processing. Health hazards. 


Press Forming of Sheet Steel : 


Short runs. Medium = production. High production, Cost. Blanking. 
Piercing. ‘Trimming. Shaving. Bending. Forming. Drawing. Cold extru- 
sion. Efficient utilization of sheet. 


Machining of Steel and Cast Iron 


Chip formation. Tool materials. Tool angles. Tool failure. ‘Tool life. 
Power requirements. Cutting fluids. Minimum cost. Maximum produc- 
tion. Dimensions of cut. Selection of cutting speed. General recommenda- 
tions for planning production. 


Machining, Joining and Finishing of Powder Metal Parts . 


Drilling. Tapping. Reaming. Turning. Boring. Milling. Shaping. Grind- 
ing. Burnishing. Coining. Joining. Impregnation and infiltration. Heat 
treating. Finishing. 


Steel Melting . . . . . . . . . . . . . . 


Bessemer process. Basie open hearth. Basie electric furnace. Oxygen 
treatment. Ingot and pouring practice. Continuous casting. Vacuum and 
atmosphere melting. 


Selection of Methods for Nondestructive Inspection 


Definition of methods. Evaluating soundness of steel welds. Detecting cold 
shuts in east bronze bushings. Inspection of heat-resisting metals. Deter- 
mining soundness of aireraft turbine disks. Sorting mixed lots of steel. 


Principles of the metallurgical microscope. Phase contrast metallography. 
Reflecting objectives. Ultraviolet) metallography. Photomicrography in 
color. Eleetroly tie polishing and étehing. Cathodie vacuum etching. Elec- 
tron metallography. 
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Carbonitriding 


By the ASM Committee on Heat Treating 


CARBONITRIDING is defined as a 
process in which a ferrous alloy is case 
hardened by first being heated in a gas- 
eous atmosphere of such composition 
that the alloy absorbs carbon and ni- 
trogen simultaneously, and then being 
cooled at a rate that will produce de- 
sired properties. The carbon is derived 
from any carbon-rich gas or vaporized 
liquid that could be used for carburiz- 
ing. Source of nitrogen is ammonia. 

This process is also called dry cy- 
aniding, gas cyaniding, ni-carbing and 
nitrocarburizing. Regardless of the 
name, the process is carried out as 
indicated in the definition above. Car- 
bonitriding was little used until the 
late 1930's. Since 1945, its use has in- 
creased rapidly. 

The purpose of carbonitriding is to 
impart a hard case to steel in order to 
provide resistance to metallic and abra- 
sive wear. The process competes with 
carburizing, liquid cyaniding and, to a 
lesser extent, with nitriding. 

Required case depth is one of the 
principal factors determining which 
process is to be used ‘(with the excep- 
tion of nitriding). For reasons men- 
tioned below, carbonitriding is generally 
applied to parts that require shallow to 
medium depths of case, from 0.003 to 
0.025 in. 


Supersedes the article on page 696 
of the 1948 ASM Metals Handbook 


Knoop Microhardness Shown Along Top 


Vepth,in 
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Equipment. Carbonitriding is done 
in a furnace chamber, retort, muffle or 
other closed container with an atmos- 
phere that can supply carbon and ni- 
trogen to the steel. Any equipment 
suitable for gas carburizing can gener- 
ally be adapted to carbonitriding. The 
equipment must be able to contain an 
atmosphere and the atmosphere must 
be capable of circulating freely through 
the work load. Where dense loads are 
processed the furnace must be equipped 
with a fan to force the atmosphere 
through the work load. Where the 
work load is shallow or open in spacing 
of the parts, fan circulation of the 
atmosphere may not be required. For 
work that is to be clean and bright 
after quenching, the furnace must be 
equipped with protective-atmosphere 
vestibules for quenching. 

Atmospheres. Many types of carbo- 
naceous gases can be used with ammo- 
nia to make up the atmosphere for 
carbonitriding (Tables I and II). Raw 
natural gas, coke oven gases, butane 
and propane provide rich sources of 
carbon; liquid hydrocarbons which va- 
porize at high temperatures are also 
good sources. The ammonia used is 
the ordinary anhydrous grade available 
in cylinders or in bulk. When in bulk, 
the liquid is stored in large tanks re- 
mote from the furnace installations. 

Endothermic generator gas is usually 
employed as a carrier gas for the am- 
monia and hydrocarbons. It provides 
movement within the furnace chamber 
to sweep the spent gases from the sur- 


Fig. 1. Carbon, Nitrogen and Hardness Gradients and Microstructures of 1020 Steel Carbonitrided at 1300, 1400 and 1500 F 
for 4 Hr in an Atmosphere of 40% Ammonia, 10% Methane and 50% Carrier Gas (G. W. P. Rengstorff, M. B. Bever and 
C. F. Floe, Metal Progress, November 1949) 


face of the work, and also to reduce 
the concentration of the reacting ele- 
ments and thus to facilitate control of 
the process. This endothermic carrier 
gas is produced by reacting air with 
natural gas or other hydrocarbon gases 
in fixed proportions over a heated cat- 
alyst. It is typified by the following 
analysis: 21% CO, 40% H,, 1% max 
CH,, balance N, with traces of CO,, 
H,O and O,. The composition of this 
carrier gas depends on the air-gas ratio 
before reaction. A common method of 
control employs measurements of the 
dew point or moisture content of the 
carrier gas as generated. Such a pre- 
pared atmosphere can be used with 
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Table I. 


Constituents of Gas, ‘ 


Natural City 
Ammonia Gas Gas 
11 17 

7 10 
33 67 
6 ee 
33°) 67 
16 
20 5 
8 10 
8 6 


Zaruba 


+ by Volume— 


Propane 


Typical Mixtures of Component Gases Used in Carbonitriding'”’ 


Total Fur- 
Gas nace Turnover 
Carrier Flow, Volume, per 
Gas cu ft hr cu ft Hour 
72 900 105 86 
83 200 11 18.2 
es 60 24 2.5 
93 486 40 12.1 
24 22 11 
84 475 15 32 
75 500 15 33 
82 600 120 5 
86 925 420 22 


Last three entries added by ASM Committee on Heat Treating 
Hydrocarbon introduced as fluid 


atmosphere composition and turnover calculated 


ammonia alone or with ammonia plus 
hydrocarbons to provide adequate car- 
bon and nitrogen to produce the high 
case hardness desired. 


In 


maintaining 


an effective carbo- 


nitriding atmosphere in the furnace or 
retort, contamination of the atmosphere 
must be avoided. Leaks in the furnace 
or retort, frequent door openings which 


‘ause 
fas 


infiltration of 
or 


air, and leaks in 
oil-fired radiant tubes which 


cause products of combustion to enter 
the furnace are detrimental. 


The 
atmosphere 


addition 
of 


to the 
small 


carbonitriding 
percentages of 


rich hydrocarbons produces a slightly 
faster rate of carbon absorption and 
diffusion. Excessive hydrocarbons, how- 


ever, 


generally produce sooting, 


with 


deleterious effects on both furnace alloy 
and rate of carbonitriding 


32 
28 
24 


S20 


Cose Depth, 


Fig. 2. 
Case Depth 
nitriding. 
industrial practice, by M. B 

C. F. Floe and W. G. Zaruba 
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Relations in 
Results of a 


Gas 


Natural Gas (Pittsburgh) 
Natural Gas ‘ Kansas City) 
Coke Oven Gas » 
Commercial Butane 
Commercial Propane 
Anhydrous Amn 
Endothermic Generator Gas 
Purified Exothermic Gas 


onia 


is ethane 


Time-Temperature- 
Carbo- 
survey 


of 


Bever, 


Table If. 


Different types of furnaces require 
different percentages of entering com- 
ponent gases because of the reactions 
of the gases with furnace brickwork 
and alloy. Premixing of component 
gases before they enter the furnace is 
desirable. In large, continuous carbo- 
nitriding furnaces the gases should be 
introduced at several points along the 
furnace to insure uniform distribution 
of ammonia and carburizing gases for 
reaction at the surface of the work. 

Composition of the Case depends on 
temperature, time, atmosphere compo- 
sition and type of steel. The higher 
the carbonitriding temperature, the less 
effective is the ammonia in the atmos- 
phere. Lower temperatures favor the 
absorption of nitrogen. The process can 
be carried out at such low temperatures 
as to produce a “compound layer”, so 
called because complex iron-carbon- 
nitrogen compounds are formed at the 
surface. To produce this compound 
layer, however, large percentages of 
ammonia are required. It is usually 
unnecessary to liquid quench parts car- 
bonitrided in this manner, and in cer- 
tain wear applications this type of case 
structure is suitable. However, because 
the diffusion rate of nitrogen and the 
rate of formation of the compound 
layer are so slow at temperatures below 
1300 F, such practice is only applicable 
economically to shallow cases where 
dimensional tolerances would be diffi- 
cult to maintain were the parts to be 
treated at high temperatures. 

A carbonitrided case can contain 
more retained austenite than a carbu- 
rized case. By careful control of the 
atmosphere composition, the amount 
of retained austenite can be minimized 

Figure 1 illustrates typical case 
structures obtained by carbonitriding 
at various temperatures and resulting 
case compositions. Figure 2 shows case 
depths for different combinations of 
total furnace treating time and tem- 
perature. Most carbonitriding is done 
between 1425 and 1625 F for parts to be 
quenched and between 1200 and 1450 F 


Gases Used in Carbonitriding 


Function Ne 


CoO 


Source of Carbon 08 

.Source of Carbon 08 84 

Source of Carbon 22 08 6.1 63 
.. Source of Carbon (C\H 


Source of Carbon 


Source of Nitrogen 
.Carrier Gas 
.Carrier Gas 


38.0 
740 


210 
10.0 


», CoH, ethylene, CoHs benzene, CsHs propane, CHs methane 


Constituents of Gas 


(NH, is 100.0) on heating 


for parts not requiring a liquid quench. 
Hardness of Case. The hardness of 
the carbonitrided case will depend on 


its carbon and nitrogen contents, on 
the amount of retained austenite, and 
on the presence or absence of iron- 
carbon-nitrogen compounds as a sur- 
face layer. File hard cases are easily 
produced. For most carbonitrided work, 
hardness will exceed Rockwell C 60, or 
its equivalent on other scales, without 
difficulty. Shallow cases or austenite 
retention will markedly lower hardness 
readings 

Tempering of the Case, The presence 
of the nitrogen in the carbonitrided 
case increases its resistance to temper- 
ing compared with that prevailing in 
straight carburized cases; higher tem- 
pering temperatures are required to 
produce a given hardness. Such in- 
creased resistance to tempering may 
be desirable where service operating 
temperatures are abnormally high, or 
where hot straightening is advanta- 
geous. The higher tempering tempera- 
tures also decrease residual stresses 

Advantages of Carbonitriding. One 
major advantage of carbonitriding is 
that the nitrogen absorbed during proc- 
essing lowers the critical cooling rate 
of the steel. That is, the hardenability 
of the case is significantly greater 
when nitrogen is added by carbonitrid- 
ing than when the same steel is carbu- 
rized only. This advantage permits the 


use of steels on which uniform case 
hardness ordinarily could not be ob- 
tained if they were carburized caly and 


quenched. Where core properties are 
not important the carbonitriding proc- 
ess permits the use of plain low-carbon 
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Fig. 3. End-Quench Hardenability 
Curves of 1020 Steel Carbonitrided 


at 1500, 1600 and 1650 F, Compared 
with the Same Steel Carburized at 
1700 F Ammonia content of the 
carbonitriding atmosphere was 15°: 
at 1500 F, at 1600 F and 5°: at 
1650 F; methane was 5°:, carrier gas 
the remainder. (G. W. Powell, M. B 
Bever and C. F. Floe, Trans ASM, 
46, 1359, 1954) 


by Volurne 


Specitic 


H CH. CoH 


Gravity 


83.4 158 061 

84.1 67 063 

465 32.1 $5 05 o44 

is 93.0, and Cy)H. is 70) 195 
(CaH. is 100.0) 152 
dissociates to 75 Hy», 25 N 0.595 

400 10 000 

15.0 10 0 83 


and C. Hy, butane 
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steels, which cost less and may have 
better machinability. 

Figure 3 illustrates the effect of car- 
bonitriding on the case hardenability 
of a plain carbon steel when carbo- 
nitrided at several different tempera- 
tures, in comparison with the same 
steel carburized. The effect of carbo- 
nitriding in increasing hardenability is 
greatest at lower temperatures of car- 
bonitriding. This increased harden- 
ability often permits oil quenching of 
carbonitrided plain carbon steel parts. 
The benefits include minimized distor- 
tion and better control of dimensions. 
Straightening and final grinding oper- 
ations are often eliminated. 

Nitrogen also lowers the lower trans- 
formation temperature. This permits 
quenching from a lower temperature 
than possible for steels with no nitro- 
gen, thus minimizing distortion. 
Medium-carbon parts of both carbon 


and alloy steel are often heated for 
hardening in a carbonitriding atmos- 
phere to produce a shallow case of 


higher hardness and greater resistance 
to wear than could be provided by con- 
ventional hardening alone. Steels such 
as 4140, 5140, 8640 and 4340 for appli- 


cations like heavy-duty gearing are 
treated by this method at 1550F. In 
order to minimize the amount of re- 


tained austenite, the temperature may 
be decreased to just above the Ar, 
temperature before quenching 

The equipment used for carbonitrid- 
ing is generally of such design that it 
can also be used if desired for virtually 
all other heat treating operations. 
Where limited production quantities of 
parts are processed by more than one 
method, generally only one piece of 
equipment will be necessary. 

Disadvantages of Carbonitriding. The 
effectiveness of ammonia is diminished 


The Agitation of Quenching Mediums 


By the ASM Committee on Heat Treating 


THE USUAL PURPOSE of a quench- 
ing medium is to abstract heat uni- 
formly from steel at a rate fast enough 
to produce martensite To prevent 
cracking and control distortion, the 
cooling rate should not greatly exceed 
the slowest rate necessary to produce 
martensite. The various quenching 
mediums available do not automatically 
supply all the cooling rates desired, 
particularly in the range of quenching 
speeds between those obtainable in 
water and still oil. The rate of cooling 
by oil quenching can be increased by 
changing the character of the oil, its 
temperature and viscosity, and its rate 
of flow past the work, or by agitation 
of the work in the oil. 

Measurements of the 


rate of flow 


from pipes into tanks, from mechanical 


Fig. 1. 


Steel Bars. 
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stirrers and the like, have usually 
shown too much variation to provide 
quantitative information. Data ob- 
tained using specially designed equip- 
ment and reported by E. W. Weinman, 
R. F. Thomson and A. L. Boegehold 
{Trans ASM, 44, 803 (1952)] are of 
more general applicability. Figure 1 
has been plotted from their data for 
scale-free bars of 9445 alloy steel heated 
in an exothermic atmosphere and 
quenched in a mineral oil at 120F. 
‘The oil had a Saybolt viscosity of 79 
sec at 100 F.) 

Figure 2, from the same source, 
shows the relations between bar diam- 
eter and equivalent locations on the 
end-quench hardenability specimen, 
both for scale-free bars and for those 
scaled by heating in air. 


Effect of Flow Rate of Quenching Oil on Cooling Time of Scale-Free 
For temperature range criteria, see Table I, at right. 


at high processing temperatures (1700 


F or above) where the carburizing ac- 
tion is rapid. Therefore, carbonitriding 
is done at lower temperatures, where 
the time required to produce a case 
depth greater than about 0.025 in. is 
uneconomical. 

In order to carbonitride selectively, 
parts must be protected with copper 
plate or proprietary stop-off paint on 
those areas to be kept free from case 
Liquid carburizing and cyaniding per- 
mit selective case hardening merely by 
immersing the area of the part to be 
case hardened. 

Cost Factors. The cost of raw mate- 
rials used in carbonitriding — that is, 
natural or manufactured gas, carrier 
gas and raw ammonia is much lower 
than the cost of materials used in any 
of the liquid case hardening methods, 
but greater than for gas carburizing 
materials. 


The smaller temperature ranges used 


as arbitrary criteria for “,-radius, 
‘-radius and the center of the bar 
(Table I) distort the relationship 
plotted in Fig. 1. However, it is quite 
obvious that increasing the rate of flow 
has the greatest influence on the cool- 
ing rate at the surface, and that the 
surface of a 3-in. bar can be cooled 
almost as fast as the surface of a 1-in. 
bar when the flow rate of the oil is 
above about 500 ft per min. It is also 
evident that the major advantage from 
agitation lies in the range between still 
oil and a flow rate of 200 ft per min, 
which, in the paper cited, is equivalent 
to an average hand agitation of the 
work piece 

Figure 3, from unpublished work of 
Weinman, Thomson and Boegehold, 
shows the relation between molten salt 
flow and the cooling rates of various 
positions in scale-free bars in a mar- 
quenching salt at 400 F. Included in 
the same figures are similar curves ob- 
tained from water and oil quenching, 
thus providing comparisons among 
three mediums giving a wide range of 
cooling rates. The data are plotted to 
give correlation curves for identical 
cooling times in quenched round bars 
and standard end-quench hardenability 


specimens. The temperature ranges 
for the various positions are those 
given in Table I. The bars were 


medium-carbon 9400 steels, heated in 
an exothermic atmosphere. 

Note that small-diameter bars (and 
the surface of all bar sizes shown) may 
be cooled faster in rapidly flowing salt 
at 400 F' than in still or mildly agitated 
oil at 120 F. However, as bar size in- 
creases, subsurface regions of  salt- 
quenched bars cool slower than those 
quenched in still oil. This puts a limi- 
tation on section size or steel compo- 
sition that will provide a fully mar- 
tensitic structure by hot salt quenching. 


Table Temperature Ranges on Which 
Data of Fig. 1, 2 and 3 Are Based 


Temperature 
Range Criterion, 
deg Fahr 


Quenched Bar 
Position 


Surface 
3,-radius 
',-radius 

Center 


1350 to 600 
1350 to 700 
1350 to 800 
1350 to 900 


. 
ia 
120 
| | 
| Radiu | | | 
4+ 4 enter . 
- | | — 
Surface 2-in. Diam Bar 
urface | 
| | | | 
| | | | 
| | | | | 
20 ; } | 
| 
] 
Surface 4 
100 200 4 ou" 700 600 
Rate of Flow of Oil, ft per min 


Fig. 2. Correlation Curves for Identical Cooling Times in End-Quench Hardenability Specimens and Round Bars Quenched 
in Oil. Temperature range criteria given in Table I. Mineral quenching oil (Saybolt viscosity of 79 sec at 100 F) 


Water 


Fig. 3. Correlation Curves for Identical Cooling Times in End-Quench Hardenability Specimens 
and Round Bars Quenched in Hot Salt, Oil and Water. Temperature range criteria of Table I 
Water at 75 F. Mineral oil (Saybolt viscosity of 79 sec at 100 F) at 120F. Molten salt at 400F 
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The Cost of Heat Treating 


By the ASM Committee on Heat Treating 


BECAUSE HEAT TREATING has 
not been the major function of most 
industries, the cost of such processing 
has often received less attention than 
other metalworking operations. The 
increasing diversity and modernization 
of heat treating equipment, and the 
greater emphasis placed on metallurgi- 
cal properties by design engineers, have 
made the problem more complex. One 
can now select any of a variety of 
different steels and one or more of a 
number of heat treatments, any com- 
bination of which might satisfy the 
engineering requirements of product 
design. With these otherwise equal 
alternatives, cost will in general be the 
factor which determines the combina- 
tion actually selected. 

Because of the close relation among 
metallurgical procedures, heat treating 
results and the equipment used to pro- 
duce those results, cost analysis is a 
matter of joint concern to manage- 
ment, metallurgical and accounting 
personnel 

The investment in heat treating 
equipment can vary between wide ex- 
tremes, with a corresponding variance 
in cost of operation. For small produc- 
tion it might occasionally be justifiable 
to absorb higher unit costs of opera- 
tion, but a difference of a few mils per 
pound on high-production installations 
may mean hundreds of thousands of 
dollars per year in profit or loss. 

In general, there will be some differ- 
ence between any two alternatives un- 
der consideration; a fortuitous equality 
would be extremely improbable. Be- 
cause small differences may be signifi- 
cant, the omission of apparently minor 
items may affect comparisons in a ma- 
jor way. Therefore it is important that 
the cost analysis be complete. Such 
cost studies may then be used: 

1 To justify the purchase of more effi- 

cient equipment 

2 To establish the price of the heat 

treated product 

To reduce the cost of the product by 
selecting a steel and its treatment with 
the lowest ultimate cost 

To compare the cost of an operation 
when routed to any of several types 
of furnaces 

To evaluate the cost of idling furnaces 
which are being held at temperature 
To estimate differences in the cost of 
a steel and its required heat treat- 
ment, as compared with that of an- 
other steel-treatment combination 
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Recommended Procedures 


To determine the cost of treating an 
individual piece, it is first necessary to 
calculate: (1) fixed costs, or those 
which pertain to the company as a 
whole and which persist regardless of 
the degree to which individual fur- 
naces and other equipment are oper- 
ated; (2) variable costs, or those re- 
lated directly to the operation involved; 
and (3) labor costs, both direct and 
indirect. Once this has been done on 
an annual basis, for a particular fur- 
nace or other equipment, simple arith- 
metic will reduce the figures to an 
hourly basis and finally to a cost per 
individual piece. 

The detailed schedules presented 
here indicate the many individual 
items to be included in a cost analysis 
of heat treating operations. After the 
first few calculations have established 
some standards, costs may be computed 
more easily. Two methods or formulas 
are recommended for determining the 
actual heat treating costs. In a prac- 
tical sense, they are extremes, but each 
has a definite place in costing. Either 
might need modification to fit existing 
conditions. Both assume continuous 
operation. Idling of furnaces between 
production runs, as well as special test 
runs and similar contingencies, are not 
considered here. 


Recommended ASM Form for 
Determining the Actual 
Cost of Heat Treating* 


The form and method for determin- 
ing actual heat treating costs can be 
presented best in terms of a specific 
example. For that purpose, the follow- 
ing problem is defined. 


Problem 1. To determine the cost of 
hardening a carburized pinion gear made 
of 8720-H steel and weighing 76.25 lb. The 
furnace is of the roller-hearth type, elec- 
trically heated with three zones of 190, 
100 and 37-kw rating; it is equipped for 
protective atmosphere operation, and a 
minimum of labor (one man) is required 
Operation is at capacity, with no idle 
time. Production is 26.7 parts per hour 


Cost data for this problem are tabu- 
lated according to the recommended 


*Blank forms are available 
American Society for Metals 


from the 


Tables I 
items are 


form in the accompanying 
through VI. The various 
defined as follows: 

Building Expense (Table II, Item 1). 
Defined in detail by Table V. 

Furnace or Equipment Depreciation 
(Table II, Item 2). Defined by Table 
VI. The purchased cost of the furnace 
includes all necessary appurtenances 
such as temperature control instru- 
ments and flow meters. 

Property Tax and Insurance (Table 
II, Items 3 and 4). Equipment valua- 
tion or cost, times rates. 

Interest on Investment 
Item 5). The value of the building 
($180,000.00) times the floor area of 
the furnace (936 sq ft) divided by the 
total area of the building (36,250 sq ft) 
times the interest rate (2°); also, the 
interest on furnace or equipment cost 

Overhead (Table II, Item 6). Over- 
head includes all costs pertaining to 
administration of the business, pro- 
rated against the heat treating depart- 
ment. These costs include the applica- 
ble amounts for nonmanufacturing de- 
partments such as engineering, metal- 
lurgical, personnel, planning, account- 
ing, purchasing, sales, advertising and 
service. Of this total, the proration to 
the heat treating department of 62 per- 
sons is $48,600.00, of which a portion is 
allocated as shown, according to the 
personnel actually involved in the op- 
eration being analyzed. 

Energy Cost ‘Table III, Item 1). The 
rated energy consumption (327 kw, 
total) times the minutes per hour elec- 
trical contactors are closed (39.5 avg) 
divided by 60 and multiplied by the 
electric rate ($0.0091) gives energy cost 
per hour. The energy might also be 
measured directly with a watt meter 

Atmosphere ‘Table III, Item 2). Cost 


‘Table II, 


Table I. Summary of Actual Hourly 


Costs (Problem 1) 
Table II) 
Table III) 


Labor costs (Line 6, Table IV) 


Fixed costs (Line 8 $1.6017 


Variable costs (Line 8, 3.9547 
3.0958 


Total costs $8 6522 


Cost per part $0 3241 


Cost per pound $0 0042 


4 
$8 6522 
2 


Table 11. Fixed Costs (Problem 1) 
(Computed on an annual basis) 


1 Building expense 
Floor area 936 sq ft 
(Line 13, Table V) 

Furnace depreciation 
8.33’, (rate) $59,512.49 
(Line 12, Table VI) 

Property tax 
(County tax rate x 


$1.48 


Valuation) 
Insurance 
Rate of $0.08 per hundred » 
(Line 12, Table VI) 
Interest on investment 


$59,512.49 


Furnace floor area 
(a) Building value » 
Building floor area 
Substituting, then 
936 (sq ft) 
$180,000.00 » 
36,250 (sq ft) 


(b) Furnace cost (Line 12, Table VI) » Int rate 


Substituting, then 
$59,512.49 « 2% 
Total interest 
Overhead 
Overhead allocated to HT » 
Substituting, then 
$48,600.00 » 
Annual fixed costs (for furnace) 


Fixed costs per hour 


Annual fixed costs $9,225 91 


Productive hours per year 


Interest rate 


Operator for furnace 
Direct labor in HT dept 


Energy cost 
215 kw-hr x 

Atmosphere 
$3.93 per hour 


Alloy trays 


$0 0091 


Table IMI. Variable Costs (Problem 1) 
(Computed in costs per hour) 


$1.9565 


2500 cfh used 1.2281 


8000 cfh generated 


(24 trays per furnace charge) 


$45.00 
5000 
Supplies 


4x1 


Quenching oil (loss and drag-out) 


0.57 gal per hr 
Bottled CO: gas to purge furnace when shutting down 
and starting up 
+ $4.08 each 


5760 productive hr per year 


96 bottles 


Maintenance 


« $0.24 per gal 


Labor $1,213.90 and material $575.39 


0.1368 


0.0680 


0.3106 


5,760 productive hours per year 


Tooling 


none 


Scrap and retreatment 


Total variable costs per hour 


per hour to own and operate the gen- 
erator ($3.93) is multiplied by the cubic 
feet per hour used in the operation 
(2500) and divided by the cubic feet 
per hour of usable atmosphere gener- 
ated (8000) to give atmosphere cost 
per hour. 

Alloy Fixtures (Table III, Item 3). 
Heat resistant fixtures such as boxes, 
baskets, trays, cans, screens and the 
like are costed as follows: the original 
purchase cost (less scrap value) of all 
fixtures required to operate the furnace 
is multiplied by the treating cycle in 
hours and divided by the expected 
service life in hours to give alloy fix- 
ture cost per hour. 

Supplies ‘(Table III, Item 4). In 
general this includes all supplies such 
as quenching oils, salts or water, heat- 
ing salts, bottled gas, carburizing me- 
diums, and asbestos and fireclay for 
protecting holes and keyways in the 
work from the carburizing or quench- 
ing operation. The value of these is 
reduced to average hourly consumption, 
to which is added the related cost of 
heating, cooling or circulating the sup- 
plies, to give the total cost of supplies 
per hour. 

Maintenance (Table III, Item 5). 
The average maintenance and repair 
cost (for both labor and materials) 


Table IV. Labor Costs (Problem 1) 
(Computed in costs per hour) 


1 Direct labor 
1 operator at $1.94 per hr 
$2.1087 
92°, efficiency 
Indirect labor 
36°) $1.94 (base labor rate) 
Employee benefits 
Sum of all benefits 


0.6984 


0.2402 
Incentive pay none 
Premium pay 


Annual overtime 0.0485 


$3.0958 


prorated 
Total labor costs per hour 


should be evaluated for a period of one 
year, then divided by the annual pro- 
ductive hours of the particular furnace 
or equipment to give maintenance cost 
per hour. 

Tooling (Table III, Item 6). Circum- 
stances determine the need for consid- 
ering this item; in the present example 
it is inapplicable. In general, it in- 
cludes the tools required for heat 
treating the part in question —for in- 
stance, if a quenching die is used, the 
original cost of the die times its depre- 
ciation or obsolescence rate plus the 
applicable maintenance and repair cost 
would be reduced to tooling cost per 
hour. 

Scrap and Retreatment 
Item 7). Like other manufacturing 
operations, heat treating processes 
show wide ranges of experience with 
regard to production of work of un- 
acceptable quality. Some machines or 
furnaces will produce more work of 
inferior quality than others. Also, cer- 


(Table ITI, 


Table V. Building Expense 
(Problems 1 and 2) 
(Computed on an annual basis) 


Depreciation (or rent) 
Taxes 


$ 6,000.00 
250 00 
48.00 
8,108.00 
Maintenance (bldg & grounds) loo 223.00 
Repairs (bldg & grounds) 
Heat 
Light 
Water (Inc. in 5 & 6 above) 
Compressed air 
(Inc. in 5 & 6 above) 
Other items, if any 


Total 


Insurance 


Fire protection 


7,468 00 
2,510.00 


none 
$53,607.00 


Then, cost per square foot of 
floor area 
$53.607.00 


36,250 sq ft (bldg area) 


Scrap $83.68 and retreatment $139 23 


5,760 productive hours per year 


0 0387 


$3.9547 


tain types of parts or certain steels are 
more likely than others to process un- 
satisfactorily. In any event, the scrap 
values and costs of retreatment should 
be evaluated or estimated, preferably 
on an annual basis, and reduced to 
scrap and retreatment cost per hour. 

Direct Labor ‘Table IV, Item 1). The 
sum of all persons directly involved 
with operation of the furnace or other 
equipment, multiplied by their hourly 
rates, gives the base labor cost. Since 
production seldom equals the rated or 
potential output of a furnace, because 
of temporary interruptions and oper- 
ator inefficiency, this amount should be 
divided by efficiency to give direct labor 
cost per hour. 

Indirect Labor ‘(Table IV, Item 2). 
The sum of all labors which contribute 
to the productive efforts of direct labor, 
such as supervision, inspection, time- 
keeping, receiving, trucking and ship- 
ping. There will always be arbitrary 
decisions as to whether certain labors 
should be classified as indirect labor or 
overhead (Table II, Item 6). The most 
important consideration is that they 
should be included one place or the 
other, in a consistent manner. Since 
indirect labor is usually constant for a 
given furnace or group of furnaces and 
sometimes for a small department, it is 
usually evaluated as a percentage of 
base labor cost. 

Employee Benefits (Table IV, Item 
3). The company’s cost for all benefits 


Table VI. Furnace and Equipment Cost 


(Problem 1) 


$44,065 59 
560 00 


Purchased cost 
Transportation 
Foundation and pit 80 00 
Erection 1.075 00 
1,103.90 
600 00 


5,460 00 


Piping 
Wiring 
Quench and pump 
Motors 


Conveyor and hoists 


installed 
170 00 

1,080 00 

220 00 


350 00 


Painting 
Ventilation 


Total $59,512 49 
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Table VIII. 


Fixed Costs (Problem 2) 


(Computed on an annual basis) 


— Method 


—Pack 
Item Extend Cost 
suilding expense 
Area in sq ft $1.42 8,010 
‘Line 13, Table Vj) $11,854 80 
2 Furnace depreciation 
installed cost 
(Line 13, Table XI) 24,675.00 
3 Property tax 
(County tax rate valuation) 6,662.25 
4 Insurance 
Rate valuation 394 BO 
5 Interest on investment 
BO10 
(a) $180,000.00 + 795 48 
1.250 
(b) Furnace cost ¥ 2% 9,870.00 10,665.48 


6 Overhead 
$44,600 00 allocated to 
dept of 62 total personnel 
Personnel by method 
Portion allocated to method 
7 Annual fixed costs by method 


&% Fixed costs per hour 
Annual fixed cost 


#400 bir per year 


Table IX. Variable Costs (Problem 2) 
(Computed in costs per hour) 


Item 


1 Energy cost (Line 3, 
2 Atmosphere 


Table XII) 


$2.52 per hour to generate 2,400 efh for 


furnaces which average 185 cth 
3. Alloy boxes and baskets 
Service life in hours 
Cost 
4 Supplies 
(a) Compound, 450 Ib per 
day at $115.00 per ton 
(b) Natural gas, 
5 Maintenance and repair 
Labor 
Material 
6 Toolne 
7 Serap and retreatment 


furnace 


% Total variable costs per hour 


Table X. 


ave 60 cfh furnace 


3,135.48 


57,387 81 


$6 8319 


Gas 


Extend 


3,200 


31 


779 


5,833.60 


Method 


Pack 
Extend Cost 
$ 4.7793 
none 
10 
7,000 
6.7029 


per 


3.2344 


0.2325 

0.4846 
none 
none 


$15 


Labor Costs (Problem 2) 


(Computed in costs per hour) 


Item 


1 Direct labor 
Number of operators at $1.94 per 
Number of helpers at $1.70 per hour 
Efliciency, % 
Cost 
Indirect labor (36°; 
3.) Employee benefits 
Sum of all benefits . 
Incentive or bonus pay 
5 Premium pay 
Saturdays, Sundays & holidays, ave 


of base labor) 


ts 


= 


6 Total labor costs per hour 


and services 
factor of 


should be reduced to a 
base labor cost Items to 
consider are insurances for health, 
accident, hospitalization, workmen's 
compensation, unemployment and 
payments under the Federal Insurance 
Contributions Act (FICA). First aid 
and medical expense, safety and others 
are also included here, 

Incentive or Bonus Pay (Table IV, 
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hour 2 


Ex 


Method 


Pack 


Extend Cost 


un t 


$ 7 6632 
2.6208 


0.9608 
none 


1.6252 


$12. 8700 


Item 4). 


tend 


5,000 


Cost 


$ 4,736.00 


14,584 00 
3,937 68 


233.34 


6,151.39 


1,567.74 
31,210.15 


Gas 
Cost 


$ 2.7634 


2.3200 


3.0240 


0 1804 
0.7143 
2.7143 
none 
0.2381 
$11.9545 


Gas 


Extend 


90 


Cost 


$ 4.0444 
1.3104 


0 4804 
none 


0.8126 
$ 6.6478 


When either of these types 


of payment is made, the cost should be 
calculated to an hourly basis. 


Premium Pay 


(Table 


IV, 


Overtime and holiday pay 


to an hourly basis 
all 


The sum of 


fixed, 


va 


Item 5). 
salculated 


riable and 


labor costs gives the total actual cost 


of heat treating 


the 


part, 


which in 


Problem 1 is $0.3241 per part (Table I). 


Table VII. 


Summary of Actual Hourly 
Costs (Problem 2) 


Method 


Item Pack Gas 
Fixed costs 
(Line 8, Table VIII) $ 6.8319 $ 3.7155 
Variable cost 
Line 8, Table IX) 15.4337 11.9545 
Labor cost 
(Line 6, Table X) 12 8700 6 6478 
Total cost $35.1356 $22.317% 
Number of furnaces 
required ; 3 10 


Average cost per furnace $11.7119 $ 2.2318 


Avg Ib per hr per furnace 706 206 
Cost per pound $ 0.0166 $ 0.0108 
Savings per pound $ 0.0058 


ASM Committee on Heat Treating 


T. A. Friscuman, Chairman 
Chief Metallurgist 


Axle Div., Eaton Mfg. Co 


O. W. McMUuLLAN 
Chief Metallurgist 
Bower Roller Bearing 


Co. 


E. J. PAvEsic 
Director of Research 
Lindberg Steel Treating Co. 


R. J. PETERS 
Chief Metallurgist 
Warner Gear Div 
Borg-Warner Corp. 


L. E. Stmon 
Chief Metallurgist 
Electro-Motive Div. 

General Motors Corp. 


A. P. SPOONER 
Metallurgical Engineer 
Bethlehem Steel Corp. 


F. F. VAUGHN 
Metallurgist 
Caterpillar Tractor Co. 


Comparisons 


When two or more competitive meth- 
ods of heat treating a given part are 
being compared, the inclusion of all 
items of cost is particularly important 
Again, the method and result can be 
presented best in terms of a_ specific 
example. 


Problem 2. To determine the compara- 


tive costs for carburizing 8500 tons of 
steel annually by the “batch gas” method 
versus the “continuous pack" method in 
Plant A The batech-type carburizing 
furnaces are gas-heated; continuous pack 
furnaces are of the counterflow§ type 
electrically heated. The parts being car- 


burized are of similar shape, differing in 
size and varying in weight from 1.5 to 
75 Ib each. Production time is 8400 hr 
per year. The specified ranges of cas« 


depth are all between 0.060 and 0.095 in 


Cost data for this problem are tabu- 
lated according to the recommended 
form in the accompanying Tables VII 
through XII. This cost analysis shows 
a substantial advantage for one meth- 
od of carburizing in comparison with 
the other. These results refer to the 
specific set of conditions presented. It 
would be improper to apply them to 
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Item Pack Gas 


Furnaces required 
Purchased cost, delivered 


erected "$417,000.00 


Foundation and pit 

Installation 

Piping 

Wiring 

Crane, conveyor and hoists 
Painting 

Ventilation 

3ricked floor area 

Atmosphere generator, installed 
Compound, storage screening and 


elevating 76.500 00 none 


Total . .$493,500.00 


Table XII. Energy Costs (Problem 2) 
(Computed in costs per hour) 


Type of Energy 


Electric 


Avg consumption, 179 kw-hr per furnace 
179 kw-hr 3 furnaces $0.0089 per kw-hr_.$4.7793 


2 Gaseous fuel 


(a) Natural gas used 80% of year 


avg consumption, 600 cfh per furnace 
per mef . $1.4434 NOTE: This form excludes all fixed costs and cer- 
tain items of variable cost and labor It should be 
1.3200 used only when it is known that the excluded items 
will not change the principal results of a comparison 


600 10 furnaces » 80 $0.3007 
(b) Propane used 20 of year; 
600 10 20% $1.10 per mef 


3 Total 


different conditions, and the example 
given here is not to be considered a 
generalized recommendation for any 
method of carburizing. 

To emphasize the specific character 
of the preceding result, one further 
example is included, in condensed form. 
This problem also illustrates the differ- 
ences resulting from use of the short 
form as compared with the example 
just given in detail. 


Problem 3. To determine the compara- 
tive costs of batch gas and continuous 
pack carburizing in Plant A vs Plant B 

The costs for Plant A are those just 
presented, for the conditions defined in 
Problem 2 

In Plant B, the same two methods of 
carburizing are applied to an entirely 
different type of part, made of a different 
type of steel, processed under different 
conditions of labor and equipment In 
Plant B, the data are derived trom a run 
of 10,000 tons of parts, divided about 
equally between batch gas and continu- 
ous pack methods. The capacity of each 
continuous furnace is about five times 
that of each batch furnace. Production 


Table XI. Furnace and Equipment Cost (Problem 2) 


none 8,440.00 


- Method 


3 10 

$195,400.00 
24.800 00 
9.950 00 
10,570.00 Direct labor 


1,700.00 
30,400 00 


560 00 


Indirect labor 


$291 680.00 


—Method— 
Pack Gas 
Maintenance 


. -$4.7793 $2.7634 


ASM Short Form for the 


Quick Estimation of Heat Treating Costs 


(Costs per hour, ton, pound or piece) 


The time of each person involved 
810.00 with the furnace or operation, di- 
9,050.00 vided by efficiency 


Usually evaluated as a percentage 
of direct labor 


Expendable supplies 


The total of all supplies consumed, 
energy used and alloy depletion 


Labor and materials 


Total estimated cost 


in both is uninterrupted, 24 hr a day, 7 
days a week. The specified ranges of case 
depth are all between 0.050 and 0.090 in 


The data are presented in Table XIII 
according to a Recommended Short 
Form ‘see box, above right) which ex- 
cludes all fixed costs and certain items 
of variable cost and labor. Because the 
formula is brief it lends itself well to 
obtaining approximate costs in a short 
time when it is known that the excluded 
items of cost will not change the prin- 
cipal results of the comparison. 

The results obtained for Plant A in 
a complete cost analysis (Table VII) 
and by the Short Form (‘Table XIII) 
show about the same relative advantage 
in favor of batch gas carburizing. In 
Plant B, the difference in cost per 
pound by the two carburizing methods 
is somewhat more than in Plant A, and 
the advantage lies with continuous 
pack carburizing. Inclusion of the items 
omitted in the Short Form would not 
alter the advantage in favor of pack 
carburizing in Plant B under the speci- 
fied conditions, but would change the 


magnitude of the difference. 

Changing the conditions in either 
plant might change the advantage. 
For instance, with intermittent opera- 
tions or for small lots of various case 
depths, the batch type of operation 
would be more efficient than the con- 
tinuous method in Plant B. As condi- 
tions change in the direction of equal- 
izing the costs of competitive methods, 
it becomes more important to make 
complete cost analyses; the Short Form 
will not disclose the true break-even 
point for two processes. 

The principal form recommended 
here includes all costs and therefore 
can be readily adapted to special cir- 
cumstances. Any successful form will 
appear, at first glance, to be somewhat 
involved and encumbered with small 
items. It is emphasized again that 
these apparently small items should not 
be neglected because, added together, 
they frequently amount to a surpris- 
ingly large part of the actual total cost, 
and may have a decisive effect on any 
comparison. 


Table XIII. Comparison of Two Carburizing Methods in Two Plants (Problem 3) 
(Costs per ton, shown according to the Short Form) 


Item 


Direct labor 
Indirect labor 
Expendable supphes 
Maintenance 

Labor 

Materials 


PlantA 
Pack Gas 


$7.24 $3.93 
247 1.27 
13.90 8.05 


0.22 069 
0 46 264 


Total estimated cost per ton $24.29 $16.58 


Total estimated cost per pound 0.0121 0.0083 


Savings per pound 


0.0038 


Plant B 
Pack Gas 


$32.10 $22.00 
6.35 792 


$60 40 
0 0302 0.0361 
0 0059 


Results by Short Form shown here for Plant A may be compared with actual costs given in 


Tables VII to XII for the same two methods of carburizing in Plant A 
costs have been included 


In Tables VII to XII, all 


in the analysis, and the total costs are W to 40°) higher than those 
estimated here by the Short Form 
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Classification of Prepared Atmospheres 


AIRTO Anatysis, BY VOLUME (a)! | 
GAS EW G Cost | N 7 
METHOD OF PREPARATION PoINT AS OST ATURE OF 
Ratio CO | (d) ATMOSPHERE 
@) | Ns | |COs| | CH. | (e) 
Exothermic Base — Combustion of gas-air mixture. This | 
may be followed by cold water, refrigeration or absorbent | 
tower dehydration, depending on desired dew point 
101 | Exothermic base with lean mixture 90 (868 15 105) 12) —| 120 0.070 slightly 
reducing 
102 | Exothermic base with rich mixture 60 715 105| 50/125) 05 (e) 155 ones | Comaust toxic; 
medium reducing 
103 | Class 101 prepared directly in the furnace 
104 | Class 102 prepared directly in the furnace | | 
- | Class 101 followed by passage through in- 3 Combustible; toxic; ver 
105 candescent charcoal | 20.1 2.1 reducing 
Class 102 followed by passage through in-| — ‘ | a6 Combustible; toxic; ver 
candescent charcoal | 193 129) 05 | reducing 
112 | Class 102 plus combusted mixture of chlorine, hydrocarbon tuel gas and air| 
113 | Class 101 with sulphur removed | 
114 | Class 102 with sulphur removed | | 
116 | Class 102 carrying lithium vapor (red-line cartridge) 
118 | Class 102 carrying lithium vapor (blue-line cartridge) | 
Prepared Nitrogen Base —Exothermic base followed by | 
removal of carbon dioxide and water vapor. 
201 | Prepared nitrogen base with lean mixture 9.0 97.1; 17) — | 12] — 40 135 0.100 | Noncombustible; inert 
202 | Prepared nitrogen base with rich mixture 6.0 75.3 | 11.0) 13.2} 0.5 40 160 0.120 Cc 
207 | Class 201 plus raw hydrocarbon fuel gas 
208 | Class 202 plus raw hydrocarbon fuel gas 
213 | Class 201 with sulphur and odors removed 
214 | Class 202 with sulphur and odors removed 
Endothermic Base — Gas-air mixture reacted in catalyst- 
filled externally heated chamber. 
Endothermic base partially reacted and} 
301 quick cooled to eliminate breakdown 26 | 45.1|196| 04|346] 03) +450 190 /f) | 0.230 heute; very 
of CO into C + CO reducing 
Endothermic base completely reacted and | P 9 ae 0 to 929 |Combustible; toxic; very 
302 cooled as in Class 301 2.5 | 39.8 | 20.7 | 38.7) 08 —5 a0 (5) 0.230 reducing 
305 | Class 301 followed by passage through incandescent charcoal 
307 | Class 301 plus raw hydrocarbon fuel gas 
308 | Class 302 plus raw hydrocarbon fuel ga: 
309 | Class 301 plus raw hydrocarbon fuel gas and raw ammonia 
310 | Class 302 plus raw hydrocarbon fuel gas and raw ammonia 
315 | Class 301 carrying lithium vapor (white-line cartridge) 
Charcoal Base — Air passed through charcoal-filled vertical 
retort externally heated; prepared gas drawn off at maxi- 
mum temperature zone. Undesirable constituents of 
green charcoal eliminated by venting small portion of 
the gas formed at top. 1251b 
‘ 1D. ay Combustible; toxic; 
402 | Charcoal base | 64.1 | 34.7 20 | charcoal | 9-430 | “extremely reducing 
408 | Class 402 plus raw hydrocarbon fuel gas } 
410 | Class 402 plus raw hydrocarbon fuel gas and raw ammonia } 
Air plus ammonia and benzol passed 16.0 Ib 
421 through | incandescent charcoal with-| 63.0 33.5 10 20) 05) —10 | Gharcoal | 9-439 extremely reducing 
out external heating 
Ammonia Base — | 
500 | Ammonia, raw | 
601 | Ammonia dissociated in externally heated | nq air | 25.0/ — | — | 750} —| | | 2.00 | combustible; reducing 
Class 501, nearly completely burned, fol- | | 
4 lowed by water, refrigeration or absorb- } 13.7 lb ; tite 
2 990 — — | 2 combustible; inert 
desired dew point | 
Class 501, partially burned, followed by . light) 
599 water, refrigeration or absorbent tower | 80.0 | 14.9 lb. 0 Combustible; slightly 
—_ dehydration depending on desired dew As ; | | fe) ammonia 13 reducing 
point 


(a) Analyses based on 1000-B.t.u. natural gas requiring 
9.6 volumes of air for complete combustion. For other gases 
multiply “air to gas" ratio quoted by 0.5 for artificial gas 
high in hydrogen; by 04 for artificial gas with medium H,, 
high CO; by 2.5 for propane; by 3.2 for butane. 

(b) If made with artificial gas, the CO will be slightly 
lower and H, somewhat higher. With propane and butane 
the reverse will be true. 

(c) “Fuel gas required” represents the cu.ft. of 1000- 
Bt.u. natural gas required to. make 1000 cu.ft. of atmos- 
phere. For other fuel gases multiply by 2.0 for high H, 


Metal Progress Data Sheet 78 
Commercial Gas Section, Information Letter No. 9. 
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artificial gas; 2.5 for medium H,, high CO artificial gas; 
0.4 for propane; 03 for butane. 

(d) Costs (in dollars per 1000 cu.ft. of atmosphere) are 
based on: Natural gas at 40¢ per 1000 cuft.; electricity at 
l1¢ per kw-hr.; water at 6¢ per 1000 gal.; charcoal at 2'2¢ 
per lb.; ammonia at 7¢ per lb. Amortization not included. 

(e) Room temperature (cooling by tap water). May be 
reduced to +40 F. by a refrigeration unit, or to —50° F. 
by absorbents. 

‘f) Plus 250 cu.ft. of fuel gas for heating retort per 
1000 cu.ft. of prepared atmosphere. 


Compiled by C. C. Eeles and M. E. Shriner, from American Gas Assoc., Industrial and 
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Selection of Metal Cleaning Methods 


By the ASM Committee on Metal Cleaning 


THIS ARTICLE compares various 
methods of cleaning ferrous metal 
parts. The selection of methods is em- 
phasized, rather than operating pro- 
cedures. The 1948 Metals Handbook 
describes most of the processes and the 
effects of time, temperature, concen- 
tration, agitation and other variables. 

The plan of this article is to consider 
specific cleaning jobs and the applica- 
bility of available methods for each. 
The situations discussed are: removing 
drawing compounds from sheet steel 
parts, removing scale from forgings, re- 
moving cutting fluids and chips from 
machined parts, removing polishing and 
buffing compounds, cleaning of small 
nestling parts, and cleaning operations 
involved in sheet and strip mill opera- 
tions. The final section of the article 
deals with health hazards. 


Removing Pigmented Drawing 
Compounds from Sheet 
Steel Parts 


are contained in 
commercial drawing compounds — for 
instance, lime, chalk, talc, lithopone 
(ZnS plus BaSoO,), sulfur, graphite and 
many others. These pigments cause 
cleaning difficulties because they are 
inert, whereas the organic portion of 
the compound is soluble or emulsifiable. 
The compounds dry and harden when 
left on parts for several days after the 
drawing operation, and the hard crust 
is difficult to penetrate with some com- 
mercial cleaners. Cleaning methods for 
soil of this type are compared in the 
following paragraphs 

Pigmented drawing compounds should 
be avoided on parts to be porcelain 
enameled. 

Vapor Degreasing dissolves some of 
the organic material and leaves the 
pigmented material adhering tightly to 
the surface, making subsequent clean- 
ing more difficult; also, the chemicals 
are costly and may be toxic. Vapor de- 
greasing is not recommended for re- 
moving pigmented drawing compounds 

Solvent Cleaning loosens the soil so it 
can be removed by subsequent emul- 
sion or alkaline cleaning. Petroleum 
solvent cleaners with high flash points 
are used for this operation; they are 
usually cheaper and less toxic than the 
chlorinated hydrocarbons. ‘Very little 
equipment is necessary, principally a 
bucket of solvent with wiping cloths or 
a brush. Presoaking or solvent wiping 
is recommended for softening aged, 
hard-caked or very heavy deposits of 
pigmented drawing compounds 

Acid Cleaning. Phosphoric acid solu- 
tions with solvent or emulsifying com- 
ponents can remove pigmented drawing 
compounds and thin oxide films and 
produce a thin phosphate coating on 
the part. Because the chemicals and 


Various pigments 


Supplements the articles on pages 
299 to 306 and 725 to 730 of the 
1948 ASM Metals Handbook. 


required manual processing are expen- 
sive, acid cleaning is recommended 
only for large, bulky parts of low pro- 
duction which require subsequent 
painting. 

Emulsion Cleaning. Both stable and 
multiphase emulsion cleaners will sat- 
isfactorily remove pigmented com- 
pounds immediately after the parts are 
drawn or after aged deposits have been 
loosened or wetted by previous steps. 


The multiphase emulsions are more 
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effective than stable emulsions on 
drawn parts which have dried several 
days, and may be applied either by im- 
mersion or by spray. In tanks, multi- 
phase cleaners separate into layers, 
depending on the specific gravity of 
their components. As the parts are 
lowered into the tank the layer of sol- 
vent penetrates and loosens the en- 
crusted soil, which is removed by the 
water phase of the cleaner. 

Emulsion cleaner chemicals cost less 


than vapor degreasing and solvent 
cleaners. Both multiphase and stable 
emulsion cleaners are used in spray 


cleaning. The difference in penetration 
between the two types when sprayed is 
less than when soaked, but the multi- 
phase cleaner is somewhat better in 
either type of equipment. 

Emulsion cleaners leave a microscopic 
film of organic material on the surface 
of the work which retards corrosion 
Over-all cost is usually slightly higher 
than for alkaline cleaning. 

Alkaline Cleaning is usually the most 
economical way to remove pigmented 
drawing’ compounds. Spray cleaning is 
most widely used when production is 
great enough to justify the equipment 
costs. Lower concentrations and smaller 
quantities of chemicals are required 
than for soak or electrolytic methods 

Soak-type cleaning requires violent 


agitation, which is still less effective 
than the impinging action of spray 
cleaning. 


Electrolytic Cleaning is the most ef- 
fective alkaline method and the most 
expensive. Precleaning is recommended 


to remove gross soil before electroclean- 
ing. The cost of racking is justified 
only when very clean surfaces are re- 
quired. Electrolytic cleaning should be 
used when parts are to be electro- 
plated later 

The effectiveness of alkaline cleaning 
solutions on heavy deposits may be im- 
proved by adding kerosene or an emul- 
sion cleaner (up to 2% of the volume 
of the cleaning solution). If the draw- 


ing compound has hardened on the 
parts, presoaking or preliminary sol- 
vent softening may be required. The 


presoak solution should consist of about 
one part emulsion cleaner concentrate 
and four parts kerosene; the concen- 
trate contains wetting agents, and 
water should not be added for maxi- 
mum effectiveness. Parts are immersed 
manually in the presoak solution or in 
a solvent cleaner and placed on the al- 
kaline cleaner conveyor line. The hard 


caked soil is surrounded with the 
emulsifying solution, and its removal 
by the alkaline cleaning solution is 
facilitated. 


Removing Other Types of Soil 
from Sheet Metal Parts 


In the forming and drawing of sheet 
metal parts, oils, greases and various 
types of unpigmented drawing com- 
pounds are used to facilitate fabrica- 
tion. Often these soils must be removed 
prior to inspection and certain types of 
welding, along with any oxides or cor- 
rosion products which must always be 
completely removed before painting, 
plating or porcelain enameling 

Vapor Degreasing quickly and effec- 
tively removes unpigmented oily soil 
and leaves the parts clean and dry. It 
may also be especially suitable when 
space is limited for equipment, but the 
initial cost of vapor degreasers is high 
and they are costly to operate. The 
solvent is effective on oils and greases, 
but cannot remove soaps or other or- 
ganic materials insoluble in the solvent 
Mechanical action by spray or stream 
is required to remove loosened solid 
particles 

Emulsion Cleaners are effective in 
either soak or spray type of operation 
They are a little more expensive, over- 
all, than alkaline cleaners. However, 
they may be used at lower temperatures 
than alkaline cleaners and some form- 
ulations can be operated at room tem- 
perature. A film remains on the parts 
which protects against corrosion dur- 
ing storage or prior to fabrication 

Alkaline Cleaning is usually the most 
economical method for removing oils 
and unpigmented drawing compounds, 


whether they are mineral oils and 
greases, vegetable or animal oils, or 
fats. Solutions are generally used hot 


(140 to 212F) and either saponify or 
emulsify the soils 

High production usually justifies the 
cost of multistage spray washers using 
low-foaming cleaners. Concentration: 
are much lower than for batch tank 
Spray washing is effective on parts not 
contaminated with heavy soils; a typi- 
cal sequence is: hot cleaner, cold water 
rinse, hot water rinse 

For low production in batches, indi- 
vidual tanks and the same sequence of 
steps as for spray washers are recom- 
mended 

Electrolytic Alkaline Cleaning is nec- 
essary for parts that are to be plated 
Straight anodic cleaning is used for 
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most applications. For some soils a 
combination of cathodic and anodic 
cleaning is used; the sheet part is first 
made cathodic, then anodic. (Revers- 
ing the current removes the impurities 
or smut which have been deposited on 
the work in the cathodic cycle. For 
best results, separate tanks should be 
used.) The equipment used in this type 
of cleaning is expensive and the work 
must be racked; cost must be justified 
by the need for high quality work or 
by the unsuitability of other methods. 

Acid Cleaning. Rusted parts or those 
oxidized in storage can be effectively 
cleaned by acid pickling, usually with 
sulfuric or muriatic acid (HCl). Sul- 
furic acid is generally used hot (160 to 
170 F); muriatic, at room temperature. 
Oil and grease must be removed from 
the parts before acid cleaning. Electro- 
lytic acid cleaning will remove heavy 
seale rapidly. 


Removing Chips and Cutting 
Fluids from Machined Parts 


Cutting and grinding fluids used in 
machining ferrous metals may be di- 
vided into three groups for considera- 
tion of cleaning requirements: 


1 Plain and sulfurized mineral and fatty 
oils or combinations thereof, chlorin- 
ated mineral oils and sulfurized chlo- 
rinated mineral oils 

2 Soluble oils of either the conventional 
or heavy-duty type with sulfur or 
other additions, and soluble grinding 
oils with wetting agents. 

3. “Chemical” cutting fluids which are 
water-soluble and generally act as 
cleaners. They contain soaps, amines, 
sodium salts of sulfated fatty alcohols, 
alkyl aromatic sodium salts of sul- 
fonates or other types of water-soluble 
addition agents. 


Usually, fluids of all three groups are 
easily removed and the chips fall away 
immediately thereafter. Plain water is 
often suitable; otherwise, the following 
methods are effective. In any method, 
agitation helps free the chips from the 
work. 

Vapor Degreasing is effective on re- 
cessed areas, and is adaptable to either 
small job work or continuous produc+ 
tion. It will dissolve and remove cut- 
ting fluids of the first group easily and 
completely. The degreaser operates at 
189 F, the boiling point of trichloro- 
ethylene. Oil viscosity is low at this 
temperature and drying is rapid. Equip- 
ment cost is relatively high. The chlo- 
rinated solvents are also more expen- 
sive than the chemicals used in other 
methods. Equipment must be carefully 
operated to avoid excessive consump- 
tion of solvent. 

Soils of the second and third groups 
may not be removed completely, and 
cause deterioration of the solvent, thus 
lowering efficiency. Water contamina- 
tion of the solvent causes hydrolysis, 
producing hydrochloric acid. 

Subsequent electrolytic alkaline clean- 
ing is required if the work is to be 
plated. 

The chlorinated solvents are non- 
flammable. However, they are toxic and 
proper ventilation is essential. 

Ultrasonic Cleaning has been used in 
conjunction with vapor degreasing for 
small intricate parts. ‘Transducers pro- 
duce ultrasonic waves in degreaser 
fluids and focus them in an area 
through which the work passes. The 
method is expensive and is recom- 
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mended only when the intricate parts 
present a special cleaning problem. 

Solvent Cleaning also preferentially 
removes cutting fluids of the first group. 
The solvents are petroleum fractions 
with high flash points and are a seri- 
ous fire hazard. Highly concentrated 
fumes are injurious to workers. 

Parts cleaned in a tank with a sol- 
vent are never “chemically clean” (the 
ultimate in commercial cleanliness, de- 
fined by the absence of any water- 
break). The solvent becomes contami- 
nated with oil and as solvent evapo- 
rates, a thin layer of oil or high-boil- 
ing solvent residue is left on the work. 

The process is more expensive than 
emulsion cleaning. Distillation equip- 
ment for reclaiming the solvent may 
be warranted in high production. Chlo- 
rinated solvents such as carbon tetra- 
chloride, trichloroethylene or perchlo- 
roethylene are sometimes used, either 
by themselves or with petroleum frac- 
tions. They reduce the fire hazard but 
are toxic; special ventilation is always 
required. 

If chemical cleanliness is needed for 
subsequent plating or organic finishing, 
an alkaline cleaning operation that re- 
moves all traces of organic matter 
should follow solvent cleaning. 

Emulsion Cleaning removes all three 
types of cutting fluids and is widely 
used because it is relatively cheap and 
the fire hazard is not great. A thin 
organic film remains on the work and 
provides some protection against corro- 
sion during processing. Emulsion clean- 
ers are widely used as in-process clean- 
ers, and are usually satisfactory if the 
work is to be painted or phosphate 
coated. If the work is to be plated, 
electrolytic alkaline cleaning must fol- 
low emulsion cleaning. 

Alkaline Cleaners are effectively used 
in removing cutting and grinding fluids 
of all three types. 


Removing Polishing and 
Buffing Compounds 
from Polished Parts 


Polishing and buffing compounds are 
difficult to remove because the soil 
is composed of “burned-on” greases, 
metallic soaps and waxes contaminated 
with very fine particles of metal and 
abrasive. Selection of a buffing or pol- 
ishing compound with good cleaning 
characteristics is desirable. 

Solvent Cleaning. Cleaning with chlo- 
rinated solvents in a mechanical de- 
greaser, or brushing or spraying with 
petroleum solvents, quickly removes 
most of the gross soil after buffing or 
polishing. If the parts are to be electro- 
plated, solvent cleaning must be fol- 
lowed by electrolytic alkaline cleaning 

Emulsion Cleaning is satisfactory if 
chemical cleanliness is not required. It 
must always be followed by electrolytic 
alkaline cleaning before electroplating. 
Presoaking in undiluted emulsion 
cleaner or in petroleum solvent im- 
proves the action. Emulsion cleaners 
can also be used preliminary to other 
cleaning methods. 

Alkaline Cleaning. The simplest 
method of removing soil after polishing 
or buffing is tank cleaning in a hot 
(180 F) alkaline solution containing 
about 6 to 8 oz per gal of water. Clean- 
ing action of some solutions of this type 
can be improved by adding soap or 
some other surface active agent. These 
solutions are not very fast, and the wet 
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parts must usually be brushed with a 
tampico brush after soaking to remove 
the last traces of buffing compound. 
Water rinses should follow cleaning; a 
spray is usually superior to immersion 

Alkaline solutions without soap addi- 
tions are used in power spray wash- 
ers, which may be satisfactory where 
chemical cleanliness is not required 
Solutions contain a maximum of 1 0z 
of dry alkali per gal of cleaner; tem- 
perature is 160 F or over. Most wash- 
ers have two or more stages for rinsing 
and drying. 

Electrolytic Alkaline Cleaning gives 
the best results, and is required for 
nearly all parts to be electroplated, 
either as the sole method or, more de- 
sirable, following preliminary cleaning 
by one of the others. Cathodic clean- 
ing can be used; however, because some 
metallic and even some nonmetallic 
particles are deposited on the parts, a 
reversal to anodic cleaning as a final 
step is recommended. The piece can, 
of course, be made the anode for the 
entire time. 

Electrolytic cleaner concentrations 
range from 3 to 10 oz per gal; temper- 
ature range is 160 to 200 F. Spray rins- 
ing or agitation is required. Even with 
electrolytic cleaning, inert soil particles 
must often be brushed out of small 
crevices. 

Acid Cleaning. A short dip in dilute 
sulfuric acid, muriatic acid (HCl) or 
other acid solution is sometimes added 
to the cleaning sequence to remove any 
tarnish or fine particles which remain 
after alkaline or other cleaning, and is 
generally used after electrolytic clean- 
ing. If parts are to go to an alkaline 
plating solution after the acid dip, they 
should be rinsed in water and then 
dipped in a neutralizing sodium cyanide 
or other compatible alkaline solution 
before passing to the plating solution. 


Removing Scale 
from Forgings 


Acid Pickling is the most common 
method of descaling forgings Parts 
should be free from organic matter and 
alkaline compounds prior to pickling. 

For most carbon or low-alloy steels, 
a 5 to 25% sulfuric acid solution at 140 
to 180 F will descale effectively. Acid 
concentration of 8 to 10% is generally 
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preferred; increasing the acid content 
beyond 25% does not increase the speed 
of cleaning. 

Muriatic acid (HCl) may be used 
alone or in combination with sulfuric 
acid when the higher cost of the acid 
is justified by shorter cycles. A 10% 
sulfuric, 2 to 10° (by volume) muriatic 
mixture at 150 to 170F is effective on 
Stainless steel forgings. Straight mu- 
riatic solutions from 15 to 50% by vol- 
ume are sometimes used. 

Pitting can be minimized by inhib- 
itors, which also increase bath life by 
decreasing the amount of metal dis- 
solved. Foaming agents decrease the 
tendency of the bath to throw a fine 
spray. 

Forgings must be thoroughly rinsed 
immediately after pickling. A spray 
rinse is recommended, followed by a 
neutralizing dip in a weak alkaline 
solution. 

Electrolytic Pickling will remove forg- 
ing and heat treating scale much more 
rapidly than conventional still acid 
pickling, particularly from stainless steel. 

Salt Bath Descaling is faster than 
acid pickling, gives less pitting, better 
surface finish, no loss of metal, and 
simplification of solution disposal. The 
chief disadvantage is higher cost. Mol- 
ten salts are especially useful for clean- 
ing stainless steels and other highly al- 
loyed ferrous materials. Methods are 
discussed on page 290 of the 1948 
Handbook. 

Mechanical Scale Removal. Tumbling 
is the cheapest method of scale removal 
and works well when forging impres- 
sions are not too deep. Adding sawdust 
to the tumbling charge sometimes im- 
proves the finish. Wooden blocks should 
be packed between large forgings to 
prevent distortion. For small forgings, 
satisfactory results are obtained by wet 
tumbling with aluminum oxide or 
“stone” chips, silica, or other abrasive 
Dilute acid solutions are often used in 
the charge to accelerate removal of 
scale. After tumbling, parts are thor- 
oughly rinsed in water and dried. 

Blast cleaning is used extensively to 
remove forging scale. Heavy scale is cut 
and loosened rapidly with metallic shot 
or grit. The centrifugal type of equip- 
ment—barrel, table, or special cabinet 

is generally preferred to the com- 
pressed air method. However, air-blast 
units are useful for large parts or for 
surfaces inaccessible with other meth- 
ods. Forgings may be pickled first to 
loosen the scale 

Blast cleaning is a little more expen- 
sive than tumbling, and is best suited 
for parts with deep. narrow crevices. 
Conversely, this method may introduce 
machining difficulties because of em- 
bedded shot, grit or oxides. If this 
occurs, one of the other cleaning meth- 
ods discussed here should be used. 

Choice of shot depends on the type 
of finish desired and the operating con- 
ditions. If work is free from grease and 
shot recovery is high, cut shot should 
be considered despite the high initial 
cost. Cast iron shot is cheap but breaks 
down rapidly in service. Steel or mal- 

leable iron shot is intermediate in cost 
and will outlast cast iron. Size of shot 
is determined by the surface finish re- 
quirements. 

Wet blasting. in which the parts are 
subjected to a stream of water-sus- 
pended abrasive, produces a fine sur- 
face finish and is sometimes used for 


removing light scale. 


Brushing is the least used method of 
descaling, but is satisfactory for remov- 
ing light puffy scale. It is better suited 
for parts made of formed tubing than 
for closed die forgings. Heavy wire 
brushes, knot-type, are used for forg- 
ings. Scale should first be broken by 
hammer peening or other mechanical 
means. 


Cleaning of Small 
Nestling Parts 


In cleaning small nestling objects 
such as gun parts, rivets, bolts, nuts, 
and washers, the problem is to get the 
cleaning solution to all surfaces in suf- 
ficient amount to clean effectively, and 
then to rinse the cleaner away. The 
preferred method is to rotate or tumble 
the parts during immersion or spray 
cleaning and rinsing. 

Ordinarily both cleaning and rinsing 
are done in the same machine, and fre- 
quently there is an added stage for 
forced drying. MHelix-type conveyors 
fitted with baffles can be used to tum- 
ble the parts. Scoop-type automatic 
cleaning machines combine immersion 
in the cleaning solutions and rinses 
with a tumbling action. Emulsion and 
alkaline cleaners are both suitable; the 
choice is dictated by cost and subse- 
quent processing. Alkalies are usually 
cheaper and produce cleaner parts; 
emulsion cleaners generally leave a pro- 
tective coating on the parts. 

Parts can be deburred and cleaned in 
a simple tumbling barrel. Liquid clean- 
ing solutions may be used in the barrel, 
or dry materials such as sawdust or cob 
meal, with or without an added abra- 
sive, may be similarly utilized. 

In solvent cleaning of small parts, 
the solvent is usually redistilled two 
or more times during the cleaning cy- 
cle. When petroleum solvents are used, 
a closed container fitted with a reflux 
condenser ‘(vented to outside atmos- 
phere to eliminate fire hazards) pro- 
vides a satisfactory means of reducing 
the loss of solvent. Equipment is also 
available in which parts contained in a 
basket are agitated in a cold solvent 
bath by use of a compressed air motor. 
These machines are equipped with a 
fusible-link type of fire-protecting cover 


which makes them suitable for most 
factory installations. 
Chlorinated solvents are used in 


equipment wherein baskets of parts are 
hung in condensing solvent vapors. 


Cleaning Low-Carbon Sheet 
and Tin-Mill Stock during 
Mill Operations 


Cleaning of low-carbon sheet, strip 
and tin-mill stock is determined by the 
quality required in the finished product 
or by subsequent mill operations, espe- 
cially metallic and nonmetallic coating. 

Continuous Pickling is used to remove 
oxides formed during hot rolling, from 
finished heavy-gage sheet and strip and 
from steel for subsequent cold reduc- 
tion to sheet and tin-mill products. 
Acid concentration and temperature are 
usually higher than in batch pickling 

6 to 26°. by volume of 100% sulfuric 
acid at about 200F. Scale should be 
broken mechanically by flexing or 
otherwise prior to pickling. 

Batch Pickling is used for vitreous 
enameling sheets, some hot rolled sheets 
for hot dipped tin plate, certain types 
of galvanized and long terne coatings, 


short terne coatings, and low-alloy 
high-strength steels. Sulfuric acid is 
generally used in concentrations from 
2 to 12% at 150 to 190 F. Cold reduced, 
alkaline cleaned, box annealed and 
temper rolled steels for hot dipped tin 
plate require the least amount of time 
in acid pickling because the annealing 
oxide is usually light and easy to re- 
move. (Long times must be avoided 
with these products to prevent hydro- 
gen embrittlement; the danger is less 
for hot rolled steel.) Bessemer steels 
are noted for their fast pickling action. 
Hot rolled sheets and those for vitreous 
enameling require longer pickling times 
to remove heavy oxide formed at nor- 
malizing temperatures; 10 to 20 min at 
175 to 190 F with sulfuric acid concen- 
tration of 10 to 12% is usual. 


Batch pickling is followed by dip 
rinsing. If a “white” sheet is desired 
—that is, one particularly free 


from objectionable carbon, iron salt or 
“smut"—a weak solution of muriatic 
acid (HCl) is beneficial, often In con- 
junction with scrubbing and drying 
lines where the pickled sheets are first 
immersed in the acid, scrubbed with 
roll brushes, rinsed and dried. When 
this white pickling product is intended 
for hot dipped tin plate it is stored in 
a bosh or steel tank containing 0.1% 
muriatic acid solution until ready for 
tinning. 

Electrolytic Pickling, prior to continu- 
ous metallic coating operations, either 
electrolytic or hot dip, is much more 
rapid than still pickling and is partic- 
ularly well adapted to high-speed con- 
tinuous lines because of the greater ev- 
olution of hydrogen during the process. 
This evolution of gas agitates the pick- 
ling solution, chemically reduces oxides 
of iron, and loosens contaminants from 
the surface of the steel. 

Electrolytic pickling is used on a 
large scale in continuous electrolytic 
tin plating lines. The steel has usually 
been processed by cold reduction, alka- 
line cleaning, annealing in protective 
atmospheres and temper rolling. The 
surface, although bright, often con- 
tains small amounts of oxides, carbon 
and other residues from previous oper- 
ations. Acid is generally cold sulfuric, 
in concentrations up to 35%. Muriatic 
acid is sometimes used. 

Various strip polarities are employed 
ranging from single polarity (anodic or 
cathodic) to combinations or reversals 
of polarity. The steel is made the anode 
if some metal must be dissolved and 
the cathode if hydrogen evolution is 
necessary for agitation. 

Electrolytic pickling operations are 
followed by dip rinsing and sometimes 
by roll brushing or scrubbing, which 
further cleans the surface prior to the 
plating process. 

Alkaline Cleaning. Cold reduced steels 
are often alkaline cleaned prior to an- 
nealing Product so treated includes 
tin mill black plate, steel to be hot 
dipped and electrolytically tinned, steel] 
to be hot dip terne coated and some 
cold rolled sheet steels. 

Oils or lubricants used in cold rolling 
may be animal or vegetable fats with 
varying amounts of free fatty acids, 
mineral oils, or mixtures of mineral oils 
and fats. Since the cold rolling process 

may raise the temperature of the strip 
to 400 F, polymerization products are 
present, along with metallic soaps, oils 
from mill bearings, and finely divided 
iron compounds. If the coil is allowed 
to cool and the oil congeals, cleaning is 
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more difficult. The most commonly used 
chemicals are mixtures of caustic soda, 
sodium carbonate, silicates or phos- 
phates, with or without surface active 
agents. 

Electrolytic Alkaline Cleaning has 
merit for removing the more complex 
soils at high speeds. Either cathodic- 
anodic or anodic-cathodic cleaning is 
used, with some preference for having 
the anodic pass last in order to unplate 
any films or smut. Current densities 
range from 30 to 80 amp per sq ft 

Most units also scrub off any residual 
soil with roll brushes after the alkaline 
cleaning and prior to rinsing or as an 
intermediate stage in the alkaline 
cleaning tank. Maintenance of brushes 
is extremely important to avoid streak- 
ing. Rinsing with copious amounts of 
hot water is preferred for removing salt 
drag-out and to aid in drying the strip. 

Some electrolytic tinning lines also 
employ alkaline cleaning before elec- 
trolytic pickling. The function of these 
cleaning operations is to remove oils 
picked up in temper rolling and also to 
prepare the strip for electrolytic pick- 
ling. Anodic polarity is preferred. 

Abrasive Cleaning. Mechanica! blast- 
ing is particularly well suited for heavy 
gage sheets for galvanizing. The prin- 
cipal advantage is that heavy zine coat- 
ings adhere better to such a surface. 


Health and Fire Hazards 


Some metal cleaning chemicals are 
injurious to health and some are a fire 
hazard. 

Acids. Sulfuric, muriatic and phos- 
phoric acids are dangerous to the skin. 
Sulfuric is a powerful dehydrating 
agent, which accounts for much of the 
“burning” and destructive action of this 
acid. 

Muriatic acid gives off HCl gas which 
is immediately irritating when inhaled 
in concentrations of 5 ppm (parts per 
million) or more. Lower concentrations 
are apparently less harmful, but they 
may promote tooth decay. 

Sulfuric and phosphoric acids are 
found in the air only when dispersed 
as a.mist. According to H. B. Elkins,’ 
concentrations of sulfuric acid much 
in excess of 1 ppm may be intensely ir- 
ritating to the upper respiratory pas- 
sage. Damage to the teeth has also 
been reported from the fumes of this 
acid. 

The irritation from contact with 
these acids and acid fumes is usually 
sufficient warning to cause persons ex- 
posed to withdraw to a safe distance. 

Alkalies. Alkaline cleaners usually 
contain alkalies which are intensely ir- 
ritating to the upper respiratory organs 
when dispersed as dust or mist. They 
are also strong skin irritants and espe- 
cially damaging to the eyes. Data on 
permissible concentrations are not avail- 
able but subjective evaluation usually 
should provide a sufficient warning. 

Solvents. Paraffin hydrocarbons with 
boiling points from 104 to 212F pre- 
dominate in anesthetic action. As the 
volatility decreases the irritating action 
becomes more pronounced. Kerosene is 
not volatile enough to be an anesthesia 
hazard under most conditions but is 
primarily an irritant. It is generally 
accepted that if concentrations are too 
low to cause dizziness, excitement, or 

other symptoms of narcosis, the prob- 

ability of cumulative effect is slight. 

The fire hazard of volatile petroleum 
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hydrocarbons is greater than the health 
hazard. However, gasoline vapor and 
air will not explode until the concen- 
tration exceeds 20,000 ppm (2%) but 
symptoms of narcosis may occur with 
1000 ppm (0.1%) concentration. 
Carbon tetrachloride is one of the 
most harmful of the common solvents. 
Continued exposure to concentrations 
of 50 to 100 ppm will produce chronic 
effects such as nausea, loss of appetite 
and vomiting. Higher concentrations 
will cause jaundice. Severe and even 
fatal liver damage has occurred with 
exposure to concentrations between 100 
and 200 ppm. The fatal cases have 
generally occurred when using it in fire 
fighting or from injudicious use of this 
solvent in a confined space. Maximum 
allowable concentration, according to 
K. B. Lehman and F. Flury’ is 30 ppm. 
H. B. Elkins' states: “Alcoholism pre- 
disposes to carbon tetrachloride poison- 
ing, and heavy drinkers should not be 
allowed to work with this solvent.” 


Trichloroethylene has relatively slight 
toxic effect as compared with carbon 
tetrachloride. However, maintenance 
men have lost their lives climbing in- 
side tanks containing very high con- 
centrations of trichloroethylene vapors 
Death was attributed to the strong 
narcotic power. Lehman and Flury 
recommend a maximum allowable con- 
centration of 190 ppm for trichloro- 
ethylene 

Tetrachloroethylene, sometimes called 
perchloroethylene, is a strong narcotic 
with little other toxic effect. It is rec- 
ommended when a nonflammable sol- 
vent of low volatility is desired. 
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Press Forming of Sheet Steel 


By the ASM Committee on Forming 


THIS ARTICLE deals with the cold 
forming of sheet steel in hydraulic or 
mechanical presses. The general term 
“forming” here includes blanking, 
punching, bending, drawing and nu- 
merous other similar or more special- 
ized processes. 

The point of view of this article is 
mechanical rather than metallurgical. 
Factors influencing productivity are 
emphasized, rather than those govern- 
ing the design of stamped parts. The 
design and construction of presses are 
also excluded. Selection of tool mate- 
rials for all of the operations discussed 
is dealt with on pages 21 to 33. 

The advantages and limitations of 
various methods of tooling are con- 
sidered, without detailed consideration 
of tocol design. The analysis here is 
intended primarily as an aid in select- 
ing a method and determining the 
number of operations required for most 
economical production. 

The quantity of parts required is of 
major importance in determining the 
method of manufacture. Therefore, 
the discussion begins with a brief de- 
scription, of short-run, medium- and 
high-production methods. 


Short-Run Methods 


Short-run methods range from con- 
ventional tin-shop manufacturing of a 
few parts at high unit labor cost, to 
press methods for quantities up to 
about 10,000 at low tooling cost and 
medium labor cost. 

Short-Run Tooling for Press Opera- 
tions, The basic principle pf short-run 
tooling is to make the part in separate, 


This subject is not included in 
the 1948 ASM Metals Handbook. 
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successive operations set up to mini- 
mize tool costs. The blank is die-cut 
to insure duplication and close regis- 
tration and to permit close tolerances 
on subsequent manually fed opera- 
tions. Piercing, notching and forming 
of standard shapes are economical with 
stock dies; special form contours and 
drawing operations add _ toolmaking 
costs which are less than in other types 
of tooling for equivalent contours. 

Short-run tools are simplified by 
using thinner dies and simpler opera- 
tions, and by substituting hand opera- 
tions for machine operations in die 
construction. From the standpoint of 
economy in tooling cost, die sets are 
often omitted, and then only the die 
and punch are required, installed di- 
rectly into a fixture permanently fitted 
to each press. Most of the tooling is 
thus standardized for repeated use on 
job after job. Often one press is used 
exclusively for blanking and another for 
piercing, thus saving set-up time on 
consecutive jobs. Tolerances of + 0.002 
in. or less can be held. 


| | | 


Very Short-Run Methods. Standard 
equipment ‘not involving presses) such 
as squaring shears, notching equipment. 
bending brakes, and nibblers are used 
for individual parts of simple design— 
for example, furnace shells, air-condi- 
tioning ducts and rain gutters. This 
method is limited to simple blanks with 
tolerances of + 1/32 in. or more. Diam- 
eters of fractional-inch holes pierced 
in standard hole-piercing machines can 
be held to within +0.005 in. but loca- 
tion will vary + 1/32 in. or more. Tol- 
erances on bend locations will be + 1/32 
in. added to the tolerance on the blank 
outline. Cup-shaped parts less than 
18-in. in diam can be spun and lathe- 
trimmed to normal tolerances of + 1/32 
in. or to expensive tolerances of + 0.005 
in. per in. diam. 

Ordinary machine tools, in conjunc- 
tion with conventional sheet metal 
equipment, are often used to produce 
small quantities of parts at many times 
the cost of the last method discussed. 
Tolerances of ~ 0.003 in. would be nor- 
mal shop practice, except on location 
of bends in V-dies or on hand-filed 
outlines, where tolerances average 

0.004 in. Location of holes in hand 
work is usually + 0.005 in. or more, but 
some skilled workers can consistently 
hold + 0.003 in. in simple layouts. Tol- 
erances on angles of bend involve 
springback and depend on the temper 
and thickness of the sheet, as well as 
any error of the V-die or bending 
brake. 


Medium Production 


This is the tooling used in most 
production plants and may be regarded 
as the conventional method. It is most 
economical for quantities between 
10,000 and 100,000 pieces. Tools are 
mounted in die sets to avoid damage 
during set-up and to reduce the fre- 
quency of sharpening and repair. The 
processing department should be sure 
the part design is final because tooling 
costs are high. 

Single-Operation Tools are used where 
the size and shape of part prevents 
group operations —for example, some 
large automotive parts. Long die life 
and accuracy are emphasized in the 
construction of tools. “Cushions” are 
often necessary to provide pressure for 
drawing or stripping. Work transfer 
attachments are sometimes incorpo- 
rated to move parts from one machine 
to another 

Multiple-Operation 
when the design of part will permit 
two or more operations in one tool 
and one stroke of the press—for exam- 
ple, blanking, drawing and piercing a 
cup or piercing, cutting off and forming 
the part shown in Fig. 1. Quantities of 
10,000 to 100,000 pieces usually justify 
this tooling; it might be used for less 
than 10,000 pieces to obtain high accu- 
racy of location of holes relative to each 
other and of holes relative to the die-cut 
edges. When bends are included in these 
one-stroke operations, tolerances may 
vary more than in a two-station tool 
because of the less accurate registration 
of the blank. The cost of high produc- 
tion is reduced considerably with this 
type of tooling 

Tonnage, size, 
opening through bed 
speed of the press 
proper operation of 
production usually 


Tools are used 


shut height, 
or back, and 
can affect the 
a tool. Rate of 
depends on the 
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speed of equipment and the facilities 
for feeding stock and removing parts. 
Roll feeds and scrap cutters are some- 
times utilized, so the maximum speed 
of the press can be attained. 


High Production 


When more than about 50,000 parts 
are to be made, three different methods 
are available employing high-speed 
automatic or semi-automatic equip- 
ment: (1) presses with automatic feeds 
and progressive dies, (2) transfer 
presses and tooling, and (3) dial-feed 
presses and tooling. 

Progressive Dies have multiple tool- 
ing stations which consecutively blank, 
pierce, bend or shallow draw until the 
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Fig. 1. 


finished part is cut out of the carrier 
strip. These tools involve the lowest 
labor costs for running the parts 
Coiled strip is normally fed automati- 
cally to pilot pins which, at each sta- 
tion, locate in pilot holes pierced out 
of the stock in the first operation 
Forming and drawing operations are 
limited with progressive dies, which 
may cost twice as much as single- 
operation tools 

Conservatively figured, the total ton- 


nage which the press must be able to 
deliver equals the total of the maximum 
tonnages of the individual operations, 
regardless of the point where the forces 
act. 

The stroke of the press must be at 
least two times the depth of the part, 
plus ejection clearances, plus the stroke 
movement during the time required to 
feed the stock. Automatic high-speed 
presses are either straight-side with 
openings in each side of the housing 
or the four-post movable-platen type 
Coils are preferred over strip; the lat- 
ter requires hand feeding and must be 
sheared to an exact length not less 
than the distance between feed rolls 
Fairly heavy (thick) coiled material 
requires a stock straightener on the 
press. 

Transfer Presses have a_ series of 
punches in line on individual vertical 
rams spaced according to the size of 
press. Die sections for the different 
operations are mounted below the 
punches. The individual rams of the 
press are actuated simultaneously by 
one master crankshaft or independent- 
ly by cams. The first operation is to 
punch out a blank from the coil, which 
is usually fed in at a right angle to 
the direction of transfer movement 
Mechanically operated fingers grasp the 
blank by its edges and slide it to the 
second operation. A second set of fin- 
gers slides the part from the second 
to the third station, and so on. Some- 
times, in the last operation, movable 
tools at right angles to the ram per- 
form additional operations not feasible 
on automatic presses. If the part can- 
not be completed in these operations, 
subsequent work may be done on an- 
other single-ram or dial-feed press. 

Dial Feeds are generally used for 
secondary or supplementary operations 
that cannot be performed on the par- 
ent tooling. The dial-feed attachment, 
12 in. to 8 ft diam, is mounted on the 
bolster plate of an inclinable press in 
its vertical position or on a straight- 
side press. Die cavities machined to 
the shape of the workpiece are mounted 
in stations near the edge of the dial 
and indexed by a mechanism on the 
press to position the work under one 
or more punches. The dial is locked 
in place during each operation to 
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Example Part 


assure alignment of punch and die 
Medium-sized parts can be fed by 
hand; small parts can be fed auto- 


matically from hoppers 


Cost of Parts 


The more costly tools, which make 
parts in a single press stroke, minimize 
labor cost per part. If the quantity of 
parts is sufficient to save the difference, 
the more costly tools should be chosen. 
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Direct labor costs for running the 
parts are least in progressive and 
transfer-type tooling. Labor costs in 
dial-feed equipment depend on the 
feeding method and are usually added 
to previous operations on other tools. 

Tooling cost of progressive dies for 
presses with automatic feeds may be 
twice as much as for conventional dies 
to do the same operations. Tooling for 
transfer presses is less costly than for 
automatic presses but more than for 
dial-feed presses. Progressive dies are 
built as an integral unit. In transfer 
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a Stamped Part with Quantity for 
Three Methods of Tooling. Note 
logarithmic scales. 


presses, preparation time is greater 
because each operation is set up indi- 
vidually. 

Figure 2 shows the cost to produce 
different quantities of the part shown 
by three methods of tooling—short-run, 
medium- and high-production. The 
cost of tooling, set up, labor and bur- 
den are included. The graph shows 
that the short-run method gives the 
lowest cost per piece for quantities up 
to 10,000; medium-production methods 
are the most economical from 10,000 to 
50,000 pieces, and the high-production 
method shows considerable savings 
when more than 100,000 pieces are re- 
quired 

The break-even point on various parts 
will be from 3000 to 30,000 for short- 
run versus conventional tooling. Break 


points between medium- and_ high- 
production tooling may have even 
wider variations. 

Blanking 


Blanking is cutting a desired shape 
from a sheet of metal. The simplest 
blanking die is the “blank through” 
die; the stock is fed across the female 
die and the punch pushes the blank 
through the die and bolster into a re- 
ceptacle under the press. It makes 
plain blanks without. holes cheaply. 

One of several strippers may be used 
to strip the scrap off the punch. The 
cheapest are the solid strippers and 
hook strippers, which act as both back 
and end gages. A_ spring-actuated 
stripper fastened to the upper die by 
shoulder screws is probably the best 
because it does not interfere with the 
operator's view of his gages and ma- 
terial. 

Another commonly used blanking die 
is the compound “blank and pierce” die 
which is the reverse of the “blank 


through” die; the female die is in the 
upper assembly and the punch is on 
the bottom 


(Fig. 3). The punch for 


the blank also acts as the die for the 


pierced holes. The advantages of this 
combination are that the work can be 
held as flat as is usually required for 
a commercial stamping, and holes may 
be pierced at the same time, in close 
location with the outside. The slugs 
are pushed through the bed of the 
press and the blank stays in the female 
die until blown through the back of the 
press by a timed air blast 

The shear is ground on the female 
die and the piercing punches, or the 
punches may be staggered in length to 
produce the same results. Stock must 
be fed so as to avoid half blanks in a 
compound die which would set up a 
side thrust and either break or shear 
the punch or the die or both 

High-production piercing and blank- 
ing are done in separate stations. The 
operation is faster than in a com- 
pound die because a shorter stroke may 
be used and the slugs and blank are 
pushed through the dies. Inaccurate 
piloting and errors in feeding the stock 
necessitate looser part tolerances than 
in a compound blank-and-pierce die 

This type of die can be used only in 
straight-line blanking, and stock can- 
not be reversed to conserve metal as 
in a compound die. For an irregular 
blank, a two-impression die is used to 
produce two blanks simultaneously and 
conserve stock 

To eliminate the blanking operation 
entirely, and to minimize scrap, a 


“pierce and cut-off” die of very low cost 


can be used where no close tolerance is 
required on the length of part. This 
is a two-station die which pierces holes 
and other shapes in the first station 
and cuts off the part in the second 
station. Holes can be located as accu- 
rately as in any other tooling but edge 
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bending combined with cutting off (Fig 
4). To produce close-tolerance work 
on this type of tooling, a spring strip- 
per, rather than a solid stripper, must 
be used to hold the stock securely so 
that impact of the cut-off punch will 
not snap the strip away from the cut 
edge before the piercing punches have 
begun to cut. 

Proper clearance makes for a clean 
blank. Too little clearance, especially 
on heavy stock, will cause a double 
breakout because of secondary shearing 
and the work will have a very rough 
edge. Too much clearance is a direct 
cause of burrs. Clearance in a round 
die is '+ the difference between the 
diameter of the punch and die or, in a 
die of irregular shape, it is the distance 
between the punch and die on any side 

The rule for cutting clearance for 
mild steel is 1/10 of the metal thick- 
nes$ and for hard steel '. of the metal 
thickness. For heavy gages, 0.001 in 
clearance on each side of the blank 
for every 1/64 in. of metal thickness 
can be used. Both cutting clearance 
and shear have a direct bearing on the 
size of press to be used. 

Shear will reduce the amount of re- 
sistance which the punch encounters at 
any moment during the blanking oper- 
ation, and this decreases the size of 
press required. Shear is obtained by 
grinding either the die or the punch 
with high and low points 

The proper depth of shear in a die is 
from 1 to 1's times the metal thickness. 
The stock immediately around the per- 
imeter of the die is distorted by the 
shear and must not distort the stock 
adjacent to the next blank. When the 
blank must be flat, shear is on the 
female die; when the sheet must be 
flat, shear is on the punch. 


Knock-Out Rod 
extends up through 
punch shank 


Spring-Pad 
Stripper, 
\ 


Punch Plate 
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Fig. 3. Compound Blank and Pierce Die 


locations and width 
+ 1/32 in. An example is a short strap 
with two holes. The stock would be 
sheared + 1/32 to a width equal to the 
length of the strap and the straps 
would be cut off to their proper width 
by the cut-off die after holes and end 
shapes have been punched. 

Heavy-gage stock has’ camber and 
twist when sheared to size, because of 
angularity of the shear blades. The 
cost of removing twist by roller level- 
ing is still cheaper than the added 
cost of scrap produced by a compound 
die and is much cheaper than using 
band edge or mill edge stock. 

The “pierce, cut-off and form” die is 
Similar in operation, but also includes 


tolerances vary 
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Burrs are caused by too much clear- 
ance, insufficient shear, and dullness of 
the tool. Dullness will be a problem if 
die maintenance is poor, but it must 
be expected and allowed for in choosing 
the size of equipment. 


Piercing 


Piercing is cutting a hole in a piece 
of metal. It is usually done in con- 
junction with some other operation, 
such as blanking or trimming, but 
sometimes a secondary operation is 
necessary to avoid deforming or mis- 
locating of holes during bending and 
forming. Piercing may also be a sec- 
ondary operation when there are so 


A 
Punch | | 
Al 
i \ | 
4 \ 


that the 


holes 
would be too weak if all were punched 
with one die. 

In planning secondary piercing oper- 


many required tool 


ations involving many holes, the re- 
quired pressure may have to be reduced 
by using shear on the punches, by stag- 
gering their lengths equal to the depth 
required to shear the slug. To prevent 
punch breakage, a guided stripper and 
possibly a four-post die set may be 
required. Pressure could be reduced 
further by increasing the cutting clear- 
ance, provided more burr is allowable. 


Shearing Edge 


on the upper die, thus shearing off 
scrap which then drops down through 
the die. 

“Pinch trimming dies” are used for 
drawn shells ‘round, square, or rec- 
tangular) and in combination with 
other operations such as blanking and 
drawing when the size and shape of the 
part is favorable 

The pinch trim die shown in Fig. 5 
will trim a shell with straight side 
walls, held to close tolerance for length. 
It can produce a nearly square cut 
which will be clean and without visible 
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of Punch 
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Notching Punches 


“Stop Pin 


Die Block 


Pig. 4. Pierce, Cut-Off and Form Die 


Dies can be more quickly repaired if 
punches and die buttons are removable. 
Piercing of holes with straight side 
walls in heavy stock for later tapping 
can be a special problem. Cutting 
clearance between punch and die but- 
tons must be less than standard. In 
addition, the punch itself is held in a 
sleeve or ferrule and also guided in a 
hardened bushing in the stripper, the 
stripper itself being guided by separate 
guide pins and bushings. In this man- 
ner a straight clean hole can be pierced 
with practically no breakout in stock 
thicker than about 0.030 in., and where 
diameter is only the thickness. 


Trimming 


Trimming is a secondary operation 
which can be combined with one or 
more other operations such as piercing, 
stenciling, embossing or flanging. 

A “flange trimming die” fs used to 
trim continuous irregular flanges of 
drawn shells or parts having two sides 
to be trimmed. This tooling is similar 
to the regular compound blank and 
pierce die shown in Fig. 3, where the 
female die is above and the punch, 
which pilots the part, is below. The 
trim scrap surrounds the punch and is 
usually cut apart between chisel-shaped 
scrap cutters and the female die. For 
long life and trouble-free production 
the scrap cutters should be far enough 
below cut edge to leave two or three 
pieces of scrap intact on the punch or 
lower die so that only the bottom piece 
will be severed as each new piece is 
trimmed, and neither the female die 
nor the scrap cutters will be dulled or 
sheared 

A “cam trimming 
trim side walls with a square cut in 
close length-tolerance from the base. 
This die is constructed so that a form 
or matrix locating the part contains a 
fixed cutting edge, past which a shear 
blade or slide is moved by mating cams 


die” is used to 


burr. The clearance must be smaller 
than in blanking and the radius on the 
inside of the female die about twice the 


wall thickness; both vary with the 
wall thickness. The part to be pinch 
trimmed must originally be drawn 


slightly shorter than the required fin- 
ished length and a flange must be left 
on the original shell large enough for 
the upper die to hold and pull down 
over the cut edge. Scrap is either lifted 
over the plug with a spring stripper or 
removed with scrap cutters. 

A pinch trim often follows a reducing 
operation in drawing a round shell 
where the lower flange work hardens 
and needs to be trimmed off to prevent 
splitting the open end of the shell on 
further reduction. 

For round flangeless shells, the 
“shimmy trim” or “Brehm die” is the 
best method for cutting off square, to 
close tolerance without laps or uneven- 
ness along the cut edge and without 
distorting the shell. These dies are 
costly but they are justified for long 
runs; they may also be changed over 
to different sizes by changing inserts. 
In this tooling the shell is backed up 
by a plug having a shearing edge at 
the trim line. A cam-driven eccentric 
ring with a cutting edge encircles the 
shell, shearing it off as it goes. 

Trimming Machines do an excellent 
job on trimming square side walls on 
round, rectangular and square shells. 
They are slower than a press, but re- 
quire only a fraction of the tool cost 
of a press-operated die and therefore 
should be considered for shorter runs. 


Shaving 


Shaving is trimming to square an 
edge or to remove the breakout from 
a blanked edge or from a hole in a 
stamping. The die is similar to a 
blanking or piercing die with little or 
no cutting clearance between punch 
and die, and no shear. A part must be 


shaved and blanked from the same side, 
to prevent an objectionable burr on the 
rounded edge. 

If one shave is not sufficient to 
square an edge or hole, especially in 
soft metal, the second shave should 
remove less metal than the first. 

Allowances for shaving differ greatly 
but a good standard for the material 
removed in the first shave would be 


_-Stock Thickness, Allowance 


gage in per Side 
20 gage 0.0359 0.005 in 
16 0.0598 0.007 

13 0.0897 0.010 

11 0.1196 0012 

in 0.250 0.025 


Bending and Forming 


Small parts which require several 
forming operations can be shaped in 
one die set but some parts are larger 
than existing equipment. If a large 
part is not of such shape that it must 
be formed all at once, the method of 
manufacture depends largely on costs 
and the determining factor is quantity 
For example, if a large flat panel re- 
quires a bend at either end, a large die 
and a large press are required to make 
both bends simultaneously in a single 
operation with one handling. An alter- 
nate method would be to form each 
bend separately with a standard V-die 
in a press brake; there would then be 
no tooling cost, but two slow operations 
and two handlings would be necessary 
To determine the cheaper method of 
producing the part, the detailed cost of 
the special, die and the operation of a 
larger, more expensive press must be 
compared with the extra cost of labor 
to form the part in a press brake. 

When the metal is thick enough to 
resist wrinkling, a stamping can be 
formed in one operation in a simple 
solid-type die. Thinner metal can be 
formed in one operation if it can be 
controlled by a pressure-pad; other- 
wise, two or more dies will be required. 


Upper Die 
Trim-Scrap 
Scrap 
Stripper 
\ 


Fig. 5. Pinch Trim Die 


The strength of a die should always 
be considered when operations are be- 
ing laid out. It may be practical to 
blank and draw a shallow thin-walled 
shell from soft steel in one operation 
in a die of this type. The thickness of 
the combination blanking and drawing 
die-ring is approximately equal to the 
depth of the part. If the metal to be 
formed is thick or strong it would be 
necessary to cut the blank in one die 
and form it in another 

A single ear, lug, 
simple bend can be 


flange or other 
formed through 
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approximately 160 deg in one operation 
in a simple V-die fitted with a locating 
nest. In 90.deg V-dies, the die open- 
ing must be at least 8 times the stock 
thickness (Fig. 6). Multiple bends also 
can be formed in one operation in 
either or both directions but not re- 
entrant to the direction of stroke. One 
or more acute bends can be formed in 
a multiple bending die, but such dies 
are very expensive because swinging 
arms or cams, and often collapsible 
punches, must be used (Fig. 7). 

Parts that have a formed flange or 
shape along a curved break-line often 
require additional operations because 
the metal may get out of control and 
wrinkle or fracture. The need for 
additional corrective operations to pro- 
duce @ part of the required accuracy 


Fig, 6. V-Die 


may often be avoided by overbending. 
In many parts, particularly heat treat- 
ed parts, flattening, restriking or sizing 
is necessary to bring them back to size 
and shape. 

In certain types of bending and 
forming dies which perform two or 
more operations in one press stroke, 
the pressure-pad must remain in its 
up-position until a portion of the part 
has been formed. If the air cushion 
does not have the capacity to hold the 
pad up while the part is being formed, 
“ach operation must be done in a 
separate die 

The available presses and allied 
equipment often determine how a 
stamping should be made. If a press 
does not have either space to accom- 
modate a large die or the capacity to 
close it and form a part in one opera- 
tion, the work must be divided between 
two or more smaller dies. Sometimes 
the press may be large and strong 
enough but the stroke will be too short 
to remove the finished part from the 
die. This also necessitates more than 
one operation. If several operations 
are combined in a single die which uses 
cams or other special devices to do a 
portion of the work, a press of longer 
stroke than otherwise is usually needed. 


Deep Drawing 


Deep drawing is the forming of cup- 
shaped parts from sheet metal by con- 
trolled plastic flow. Deep drawing tools 
redistribute the metal while limiting 
its change in thickness (‘in severe 
draws) to slight thinning at the closed 
end and thickening at the open end. 
Draws of any depth using these prin- 
ciples of controlled plastic flow may be 
called deep drawing. 

Deep drawn parts are made in a 
wide variety of sizes and shapes, from 
fenders to thimbles, using metal rang- 
ing from foil to l-in. plate. The fun- 
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damental principles are the same and 
the limitations of the process are usu- 
ally those of available presses. 

Cylindrical parts are the easiest to 
draw, but oval, square, rectangular and 
polygonal shapes can be readily han- 
dled. It is best to have corner radii 4 
to 10 times the wall thickness but 
smaller radii and even sharp corners 
can be produced by redrawing, striking 
or Sizing 

Typical operational samples for a 
single deep drawn part are shown in 
Fig. 8. 

Allowable Reduction. The severity of 
a draw is sometimes expressed by the 
ratio of depth of cup to diameter of 
cup. A more useful and more generally 
accepted measure is the percentage re- 
duction from the diameter of the blank 
to the diameter of the cup. Thus, a 
cup of 3-in. diam drawn from a blank 
of 5-in. diam represents a percentage 
reduction of 40°°. The maximum re- 
duction practical per operation is ap- 
proximately 45°) with optimum condi- 
tions of tooling and metal. 

A Primary Draw starts with a flat 
blank and forms a cup (as in Fig. 8). 
In all draw work, the die radius over 
which the metal flows is of utmost im- 
portance, Under average conditions it 
is 4 to 6 times the metal thickness 
For free flow it is also necessary to 
provide a clearance between the punch 


and die about 10°) greater than the: 


thickness of the blank. 

A Single-Action Draw is the cheapest 
and simplest type; a descending punch 
forces the drawn cup entirely through 
the die in a single-action press (Fig. 9). 
The cup is stripped from the punch on 
the upstroke. Since the outer periph- 


draws. The die is mounted on the bed 
of the press and the cup can usually 
be drawn entirely through the die, so 
as to fall on a conveyor below. Double- 
action operations are well suited to 
difficult draws and parts of large area 
where the pressure on the blank holder 
may run to fairly high tonnages. Some 
shops prefer double-action presses even 
for light and medium drawing because 
of the relative simplicity of tooling, 
although the initial cost of the presses 
is higher than for single-action presses. 

Redrawing Operations are necessary 
on parts which cannot be fabricated in 
a single draw. The maximum reduction 
practical with one redrawing operation 
is approximately 30, with optimum 
conditions of tooling and metal. Suc- 
cessive reductions are usually scaled 
down from this amount. A typical pro- 
gression might be 30%, 25°%, 22%, 
and 15%. 

In a Single-Action Redraw the de- 
scending punch draws the cup into the 
die, which reduces the diameter. Tools 
are the simplest possible for redrawing, 
and production speeds are high. 

Single-Action Redraw With Pressure 
Sleeve is used when the proportions of 
the redraw are too severe to permit 
satisfactory production as above and it 
is necessary to add a pressure sleeve, 
which fits inside the primary cup and 
around the redraw punch. The pressure 
sleeve acts like the blank holder in a 
primary draw, to prevent wrinkling and 
to control the plastic flow. It may de- 
rive its pressure from springs or rubber, 
but an air or hydraulic cushion gives 
much more satisfactory results. The 
usual mounting of the die elements 
produces an inverted cup, which must 


Fig.7. Multiple Bending Die with Cam and Collapsible Punch 


ery of the blank is not confined, it 
tends to form wrinkles which may be 
ironed out between the punch and die 
as the draw is concluded. The lighter 
the wall thickness and the deeper the 
cup, the greater the tendency to wrinkle. 

Single-Action Draw With Blank 
Holder. When the metal is too thin or 
the cup too deep for fabrication as 
above, a blank holder or pressure ring 
must be added (Fig. 10). The pressure 
of the blank holder may be produced 
by springs or rubber on light work, or 
by an air or hydraulic cushion on 
heavier work. The cups must be ejected 
back through the die on the upstroke 
of the press. This method is useful for 
a wide variety of work, including some 
rather difficult shapes. 

In a Double-Action Draw, the blank 
holder is actuated by the press, rather 
than by springs or a cushion, for better 
control of pressure, especially on deep 


be ejected or removed from the tools. 

In a Double-Action Redraw the pres- 
sure ring is mounted on the blank 
holder slide and is actuated mechani- 
cally or hydraulically like the blank 
holder described under primary draws. 
The cups are drawn entirely through 
the die and are stripped from the 
punch on the upstroke 

Thin parts are sometimes severely 
redrawn by turning the cups inside out 
in a double action reverse redraw as 
shown in Fig. 11. 

Partial Draws and Necking Opera- 
tions. When a primary draw is set so 
the blank is not drawn entirely through 
the die, the cup will have a flange 
around the open end. If the combined 
area of the required cup and flange 
result in a blank within the maximum 
limit as determined by the percentage 
reduction from blank diameter to cup 
diameter, only one operation is re- 
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1) (2) (3) (4) 
Fig. 8 
action draw. (3) 


(6) Strike. 


quired. If this limit is exceeded one 
or more redraws must be added. Par- 
tial redraws can be added to reshape 
the cup portion only, leaving the out- 
side diameter of the flange unchanged. 
By this means almost any desired pro- 
portions of cup and flange dimensions 
can be produced. 

Ironing is a specialized type of re- 
drawing in which the die elements are 
designed to reduce the wall thickness 
of the shell. Slight reduction in inside 
diameter permits the punch to enter 


Cup 
—— 
Die } 
Fig. 9. Single-Action Draw 


the starting cup freely. The wall thick- 
ness of the final part is determined by 
the clearance between punch and iron- 
ing ring 

Ironing may be used for the follow- 


ing reasons: 
1 To produce shells having a bottom 
thicker than the side wall 
2 To meet accurate tolerances of the 
wall thickne 


3 To produce tapered walls using a ta- 
pered ironing punch 

4 To produce steps in the wall thickness 
by using several ironing operations, 
each producing a reduction in the wall 
thickness and outside diameter. 


Striking or Sizing is an additional 
operation needed if sharp corner radii, 
indentations, ribs or accurately coined 
dimensions are required. Such opera- 
tions are not incorporated in the draw- 
ing operations because best results are 
obtained when there is free plastic flow 
around large radii and smooth contours. 
Thus, drawing pressures are minimized 
and high-quality parts are produced, 
free from scoring. 

Combination Operations. Many com- 
binations of the various drawing opera- 
tions are successful; others are of 
doubtful advantage. Frequently two 
rapid, trouble-free operations are more 
practical than one complicated combi- 
nation. 

Blank and Draw. In this arrange- 
ment the blank holder or pressure ring 
also acts as a blanking punch. This 
combination is common and practical. 
It is also sometimes feasible to add a 
piercing operation, although disposal of 
the slug may be difficult 

Double Draws or successive draws are 
possible, one under the other. The dis- 
advantages are the long stroke re- 


quired, the difficulty of lubricating the 
second draw, and of set-up and main- 


Sequence of Operations in Deep Drawing. 
Double-action redraw. 


(5) (6) (7) 
(1) Blank. (2) _Double- 


(4) Reverse draw. (5) Neck. 
(7) Trim 
tenance. Draw-and-iron and double 


ironing operations are similar to double 
draws and have much the same advan- 
tages and disadvantages. 

Draw Strike tools may be designed to 
strike a heavy blow on some portion of 
the cup at the bottom of the stroke— 
for example, to form indentations, 
bosses or ribs on the closed end. 

Proper Lubrication can make the dif- 
ference between success and failure in 
severe draws. Mineral oil or lard oil 
are satisfactory for moderate reductions 
on thin metal. On more severe draws, 
tallow or soap should be used. On the 
deepest draws, high-pressure lubricants 
are required and pigmented or chlo- 
rinated compounds are often helpful. 
Dry-film lubricants have been effective 
in many types of draw work and can 
be removed easily by hot water. 

Work Hardening and Stress Reliev- 
ing. The hardening of work metal which 
occurs during deep drawing limits fur- 
ther reductions. If the maximum re- 
duction is made on the primary draw, 


Blank Holder 


Fig. 10. Single-Action Draw 
with Blank Holder 


more than one moderate redraw is im- 
practical unless the steel is annealed 
at 1150 to 1250 F (for low-carbon sheet). 
The time-temperature combination 
should be selected so as to avoid ex- 
cessive grain growth in the closed end 
of the drawn cup, which usually has 
had the critical amount of deformation 
that would lead to this condition. 


Cold Extrusion 


cold 
metal is forced to flow plastically into 


In cold forming, 


compression 
a die cavity of the desired shape. Cold 
extrusion, swaging and coining are all 
within the scope of this broad defini- 
tion. Only cold extrusion 1s considered 
here: swaging and coining are de- 
scribed on pages 35 and 42, respectively, 
of the 1948 Handbook 

Cold extrusion involves either for- 
ward or backward displacement, or 
both, under steady and nearly uniform 
pressure. 

Forward displacement of metal is in 
the direction of punch travel, as shown 
in Fig. 12(b). The die recess is just large 
enough on one end to receive the start- 
ing slug and on the other end has a 
smaller orifice of cross section like the 
desired part into which or through 
which the metal is forced. 

Backward displacement from a closed 
die is in the direction opposite to 
punch travel, Fig. 12(a). Parts are often 
cup-shaped and have wall thickness 
equal to the clearance between punch 
and die. 

In combined forward and backward 
displacement, some of the metal flows 
forward and some of it backward, as 
shown in Fig. 12(c). The punch and die 
(with closed bottom) prevent flow be- 
yond the desired shape of the finished 
product. 

‘(Coining involves displacement of 
metal radially to fill a die cavity, and 
swaging involves radial displacement 
by hammers without complete circum- 
ferential confinement. Impact extru- 
sion is the displacement of metal by 
the very rapid application of pressure 
with collision force.) 

Steels having up to 030% C are 
commonly shaped by cold extrusion 
Severity of the operation determines 
the need for intermediate annealing 
The most favorable grain size and 
structure are obtained by spheroidizing. 

Lubricants that do not become em- 
bedded in the die surface are of utmost 
importance. Phosphate coatings are 
used specifically for this purpose; some- 
times oils are used in addition for the 
more severe applications. 

Dies must be exceptionally sturdy and 
must have built-in alignment to insure 
accuracy and to equalize the high 
forces inherent in the process. Dies 
must be adequately supported to pre- 
vent any expansion that would break 
them. The grind-fitting of die rings, 
tapered on the outside, and holding 
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them with clamping rings are well 
worth the cost. Selection of die mate- 
rials is discussed on page 29. 

Equipment used for compression form- 
ing requires much more power than for 
deep drawing parts of comparable size 
by conventional methods. This greater 
power requirement and the advantage 
of long strokes with uniform speed and 
pressure, and safety from overload 
favors the use of hydraulic presses 
The slower speed of the presses is more 
than compensated by the fewer opera- 
tions required 

Limitations of large-scale commercial 
production of compression formed parts 
rest mainly in the dies, which cost 
about 50% more than dies for making 
similar parts by a conventional draw- 
ing process. Facilities capable of ex- 
truding cylinders approximately 24 in. 
deep and up to 6-in. diam at the re- 
quired 2000 to 3000-ton pressures are 
currently available. Parts of irregular 
shape may require high development 
cost 

Advantages. Because parts are made 
from slugs accurately sawed from round 
bars, trim scrap is negligible. arts 
may be made of inexpensive low- 
carbon steel and cold worked to tensile 
strengths in excess of 100,000 psi and 
yield strengths in excess of 90,000 psi 
for steels of 0.15% C or less after 75% 
reduction by cold extrusion. The fin- 
ished part usually acquires the accu- 
racy and mirror finish of the die sur- 
faces, and little or no machining is 
required. 


Utilization of Metal 


In producing a part for the lowest 
possible cost, the most efficient utili- 
zation of sheet metal may dictate the 
operations to be used. Sometimes a 
complicated part can be made at less 
cost by joining two simple shapes. 
Formability requirements for the steel 
sometimes can be reduced by slight 
changes in die contours, press speeds 
or (in high production) by adding 
more stages in the forming operation 
so that less expensive metal can be 
specified. 

Secondary parts can be made from 
the waste blanked from larger parts. 
This can reduce costs but must usually 
be provided for in the original tool 
planning, for greatest economy. Slight 
redesign of the part for better nesting 
of blanks may permit the use of nar- 
rower stock and reduce scrap. If the 
blank is triangular, the strip should be 
run through the die twice, reversing 
the blank in the strip in the second 
pass. 

Irregular blanks should be nested or 
interlocked for greatest economy. With 
round bfanks, at least 8% can be saved 
by running a double width of stock 
with the second row of blanks stag- 
gered with the first. The possible cost 
savings of multiple blanking from coil 
stock to produce two or more parts per 
stroke should always be examined. 

Purchasing involves several factors 
important in the planning of process- 
ing For instance, temper must be 
specified with regard to both the engi- 
neering properties of the metal and the 
tolerances on bends. Standard practice 
and product classifications are subject 
to change. The various sections of the 


AISI Steel Products Manual deal au- 
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thoritatively with different flat rolled 
steel products, as follows: 
Sec 11—Carbon Steel Sheets, 
Hot Rolled or Cold Rolled 
Hot Rolled Steel Strip 
Cold Rolled Steel Strip 
Tin Mill Products 
Stainless and Heat-Resisting Steels 
Tolerances on various attributes of 
the product are related to size through- 
out each section of the manual, as indi- 
cated in Table I 
The “Manufacturers’ Standard Gage 
for Steel Sheets” is based on nominal 
increments of the weight ‘in ounces 
per square foot) of a steel plate 1 in. 


Sec 12 
Sec 13 
Sec 14 
Sec 24 


be specified to the fourth decimal place 
even though steel is not rolled to that 
limit of accuracy. The “thickness or- 
dering range” within which the speci- 
fied thickness falls then determines 
gage ordering limits, gage and width 
size extras and standard plus-or-minus 
tolerances which apply on the thickness 
specified. 

By paying added premiums for oper- 
ations such as stretcher leveling or re- 
squaring or for restricted thickness 
tolerance, steel can be ordered to width, 
length, flatness or thickness limits 
closer than standard for the product 
in question. For exact details, refer- 


Ejyecting 
Punch 


Fig. 12. 


thick by 12 in. square weighing 41.820 
lb, rather than by increments of di- 


mensional thickness. Thickness should 
always be specified in decimals. Sheets 
specified to a Manufacturers’ Standard 
Gage number are produced to the inch 
equivalent for that gage number. 
“Thickness ordering ranges”, extend- 
ing about equally above and below the 
nominal gage size, are used for deter- 
mining product classification, toler- 
ances and pricing extras which apply 
to the item ordered. When sheet steel 
is ordered, a definite thickness should 


Table I. 


Forward, Backward, and Combined Forward and Backward Displace- 
ment in Cold Extrusion 


ence should be made to the applicable 
tables of the Steel Products Manual 
listed in Table I. 

The variety of steels that may be 
chosen to run a given part is limited 
when quantity is less than a mill order. 
This quantity varies from year to year 
and depends on the steel being ordered 
Minimum mill orders are usually about 
5 tons for carbon steel sheet and about 
3 tons for carbon steel strip. Orders 
for smaller quantities of stainless’ and 
heat-resisting steels can frequently be 
negotiated with the mills. 


Index to Tolerance and Limit Tables in Indicated Sections 


of AISI Steel Products Manual, for Flat Rolled Steel 


Table Number in Indicated AISI Section 


-Where Tolerances and Limits May be Found 


AISI Thick- Cam- 

Condi- Sec ness Crown. ber Width Length F latness 
tion’ (c) (d) (e) (f) (g) (f) (g) (f) (g) 
Carbon Steel Sheets 
HR 11 4 P 8 5 10 6 10 9 11 
CR : ll 13 17 14 19 15 19 18 20 
Carbon Steel Strip 

HR 12 1 2 5 3 4 
CR 13 1 2 7 3.4.5 6 
Tin Mill Products 

14 7 

Stainless Steel Sheets (hot and cold rolled) 

24 40 a0 44 42 41 43 41 45 45 
Stainless Steel Strip 

HR 24 48 49 50 
CR 24 51 52 56 53, 54 55 


(a) Condition of steel 


theoretical dimension, excluding 
ter fe) 
(g) Stretcher leveled 


“crown” 


HR, hot rolled; CR 
AISI Steel Products Manual where table referred to can be found (c) 


cold rolled (b) Section number of the 


Deviation from 


(d) Variation in thickness from edge to cen- 
Deviation of edge from straight line (f) 


Not stretcher leveled or resquared 
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Machining of Steel and Cast Iron 


By the ASM Committee on Machining 


THIS ARTICLE concerns the pro- 
duction planning and engineering as- 
pects of the machining of ferrous met- 
als. It deals briefly with the basic hap- 
penings in chip formation, the cutting 
tool, metallurgical aspects of the work 
material in relation to machining, the 
power required, the cutting fluid, and 
finally the way in which all these fac- 
tors may be correlated to obtain lowest 
cost production. While the discussion 
applies largely to single-point tools, the 
basic principles presented apply also to 
other types of machining operations. 


The Metal Cutting Process 


Chip Formation. 
the chip-forming 


The mechanism of 
process is identical 
in all metal cutting operations, for 
example, turning, milling, broaching, 
grinding and drilling. In every opera- 
tion, a cross section through chip, tool 
and work piece, perpendicular to the 
cutting edge, appears somewhat as in 
the diagram, Fig. 1, or the photomicro- 
graph, Fig. 2. The face of the tool may 
either be inclined backward from the 
cutting edge, as in Fig. 1, to provide 


Fig. 1. 
through 
Piece 


Diagrammatic Cross Section 
a Chip, Tool and Work 
with Shear Angle Indicated 


the conventional positive rake, or be 
inclined forward from the cutting edge, 
as in Fig. 2, to provide negative rake. 

Regardless of the machining opera- 
tion, only three types of chips are nor- 
mally found: type 1, the segmental or 
discontinuous-type chip; type 2, the 
continuous chip with no apparent 
built-up edge; type 3, the continuous 
chip with built-up edge. 

These three types are illustrated in 
Fig. 3. The basic mechanism in each 
case is the same—the chip is formed 
by plastic deformation in a narrow 
zone (substantially a plane) leading 
from the cutting edge to the work sur- 
face and forming an angle with the 
tool path (known as the shear angle ) 
which varies over a wide range under 
various cutting conditions. As the chip 
escapes by sliding over the face of the 
tool, it encounters high frictional re- 
sistance. The degree of frictional re- 


Supplements the articles on pages 
360 to 371 of the 1948 ASM Metals 
Handbook 


sistance and angle of the tool face, to- 
gether with the physical properties of 
the material being machined, deter- 
mine the type of chip. 

Type 1 Chips are generated under 
conditions which produce intermittent 
rupture on the shear plane as with 
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relatively brittle metals such as cast 
iron where individual segments are 
formed by alternate deformation and 
fracture of the metal. Fair surface fin- 
ish, low power consumption and rea- 
sonable tooi life usually accompany the 
machining conditions which produce 
type 1 chips. 

Type 2 Chips are smooth continuous 
chips with no apparent built-up edge. 
They are produced under conditions of 
low friction with a ductile metal when 
machining at high speed, as when using 
carbide tools. They may also be pro- 
duced at low cutting speed when using 
a very effective cutting fluid. This is 
the ideal type of chip for good surface 
finish and low power consumption, and 
usually also for optimum tool life. 

Type 3 Chips normally result from 
machining a ductile metal with high 
speed steel tools at conventional cut- 
ting speeds. They are similar to type 
2 chips except for the presence of the 
built-up edge, which is a more or less 
stagnant mass of chip material which 
adheres to the tool face whenever the 
friction force is high enough to allow 
the body of the chip to shear past it 
as it flows away, up the tool face. 

Type 3 chips are always associated 


Fig. 3. 


with poor finish because fragments of 
the built-up edge are constantly being 
torn off, hundreds and even thousands 
of times per second, as part of the ma- 
chined surface. A fragment of built-up 
edge escaping with the machined sur- 
face may be seen in the micrograph of 
the type 3 chip in Fig. 3. The built-up 
edge may be minimized by using the 


Fig. 2. 
Section 


Photomicrograph of a Cross 
through Chip, Tool and 
Work Piece 


highest economical cutting speed, high 
positive rake angles, applying effective 
cutting fluids, using free-machining 
steels or steels of low strain harden- 
ability and, where possible, decreasing 
the thickness of the chip by reducing 
the feed increment or by increasing the 
side cutting edge angle. For details on 
the mechanics and geometry of these 
three types of chip, the reader may con- 
sult the first five references on page 151 

Chip Geometry and Mechanics. The 
importance of the shear angle may be 
appreciated from a study of the micro- 
graph, Fig. 2, and the diagram, Fig. 1 
From the latter it may be seen that if 
the shear angle is small, the path of 
shear will be long, the chip will be 
thick and the force to shear will be 
high, which constitutes poor chip for- 
mation. This usually results in higher 
temperatures and a shorter tool life 
Conversely, if the shear angle is large, 
the path of shear will be shorter, the 
chip will be thinner and the force re- 
quired to remove the same layer of 
metal will be less. This constitutes 
effective chip formation. 

The force system for the simplified 
case, where the cutting edge of the 
tool is straight and perpendicular to 
the direction of travel of the tool, is 
shown in Fig. 4. One set of forces acts 
between chip and tool at the bearing 
area between these two, and is made 
up of the friction force F which resists 


Three Types of Chip. Type 1, segmental or discontinuous; type 2, 


continuous without a built-up edge; type 3, continuous with a built-up edge 
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the sliding of the chip up the tool face, 
and its normal force N. The ratio of 
F/N (or tan 7) is the coefficient of fric- 
tion at the chip-tool interface. A sec- 
ond set of forces acts between the chip 
and work at the shear plane, and is 
made up of the shearing force F, and 
its normal force F,. These two sets of 
forces are the only forces acting on that 
body; thus they must balance each 
other. The equal and opposite result- 
ant forces R and R’ hold the chip in 
stable mechanical equilibrium. 


Work Piece 


Fig. 4. Schematic Diagram of Forces 
Acting on a Chip 


It should be noted that under prac- 
tical cutting conditions the component 
F, is usually very large. This indicates 
that the metal being displaced along 
the shear plane is under a high com- 
pressive stress and accounts for the 
large deformation which the metal may 
undergo along the shear plane without 
fracture, in producing continuous chips 
of types 2 and 3. Since the set of 
forces acting at the shear plane is bal- 
anced by that acting at the tool face, 
any change in the friction conditions, 
or the rake angle of the tool face (a), 
will affect the angle of the shear plane. 
Mathematical analysis of this interre- 
lationship" has resulted in the follow- 
ing equation: 

where C is a constant the value of 
which depends on the material being 
machined. In the case of steel and cast 
iron, C usually ranges from about 70 to 
90 deg, while ; ‘(the friction angle) 
varies from about 30 to 50 deg. To a 
first degree of approximation, this re- 
lationship agrees well with values de- 
rived from actual metal cutting tests. 
Thus, for any given material, an in- 
crease in the rake angle or a decrease 
in the coefficient of friction will result 
in an increase in the shear angle, and 
will produce a thinner chip. 

The actual value of the shear angle 
during a machining operation may be 
calculated from the equation: 

cosa 

(t,/t,) sing 
where ¢t, and ¢, are the values of the 
thickness of the chip before and after 
its removal from the work piece. The 
ratio t,/t, is known as the cutting ratio. 
This is also equal to the length of the 
chip divided by the length of the tool 
path which produced it. 


tan i 


Cutting Tools 
Tool Materials. Four general types of 


tool materials are used for all classes 
of cutting tools: carbon tool steel, high 
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speed steel, cast cobalt-base alloys, and 
cemented carbides 

A thorough discussion of carbon tool 
steels and high speed steels for metal 
cutting tools is given in the ASM 
publication, “Machining — Theory and 
Practice”. A further discussion of this 
subject is given on page 23 of this 
Supplement. 

The Cast Cobalt-Base Tool Materials, 
consisting of various combinations and 
compositions of cobalt, chromium, tung- 
sten, molybdenum and tantalum, oc- 
cupy an intermediate position between 
the high speed steels and the cemented 
carbides, with respect to hardness, 
toughness and wear resistance. They 
are described on page 63 of the 1948 
Metals Handbook 

Cemented Carbides are manufactured 
in two primary types, one for machin- 
ing nonferrous materials and cast iron, 
the other for steel. Each has several 
grades, varying in chemical composi- 
tion, grain size and performance char- 
acteristics. The combination of proper- 
ties possible with various mixtures of 
tungsten, tantalum, columbium and ti- 
tanium carbides, having metallic cobalt 
as the binder, has resulted in a com- 
plicated variety of grades available 
from the various manufacturers. The 
grades for machining cast iron are 
usually straight tungsten carbide and 
cobalt mixtures, varying in grain size 


Tool Angles and Nomenclature. Basic 
elements and nomenclature of a single- 
point tool are shown in Fig. 5. Stand- 
ard designations of relief angles, cut- 
ting edge angles and rake angles are 
strongly recommended. 

It is beyond the scope of this article 
to recommend tool angles for all pos- 
sible combinations of microstructure 
and hardness, for all tool materials, on 
all types of machining operations. How- 
ever, some general examples may prove 
useful as a starting point, particularly 
for milling and also for turning when 
standard tools lack optimum perform- 
ance for high-production work 

One such example covering suggested 
rake and relief angles for the turning 
of soft steel is given on page 368 of the 
1948 Metals Handbook. Examples of 
cutter angle combinations that have 
proved satisfactory for certain milling 
operations with carbide cutters are 
listed in Table I 

The geometrical relationship between 
tool face and work is identical in face 
milling and turning operations. Axial 
rake, radial rake and corner angle in 
face milling are respectively equivalent 
to back rake, side rake, and side cut- 
ting edge angle in turning. These are 
the angles by which the relationship of 
cutting edge to work is usually defined 

The most significant angle in any 
machining operation, however, is the 


Table I. Satisfactory Cutter Angles for Carbide Milling 


Axial Radial True Corner Inch- 
Type of Rake, Rake, Rake, Angle, nation 
Steel Work Material deg deg deg deg deg 
Slab Milling 
Low-Carbon and Annealed Alloy 5 5 —5 
Hardened Alloy . 10 10 —10 
Slotting and Sawing 
Low-Carbon and Annealed Alloy 0 5 —5 
Hardened Alloy .. 0 10 —10 
Face Milling 
Low-Carbon and Annealed Alloy 5 12 —§ 45 12 
Hardened Alloy 18 10 45 16 


and cobalt content. Fine grain sizes 
are harder than the coarse grain. In 
steel-cutting applications, additions of 
titanium and tantalum carbides de- 
crease the cratering on the face of the 
tool caused by its intimate engagement 
with the flowing chip. These additions 
also increase red hardness up to 1800 F 
and help to prevent burning and to 
maintain the tool edge. 

Tool hardness is usually a direct 
measure of probable tool life, but the 
danger of minute chipping of the cut- 
ting edge of the harder carbides also 
increases with hardness. The less the 
feed and depth of cut, with a com- 
mensurate increase in speed, the harder 
the carbide that can be used efficiently. 

Frequently, physical requirements of 
the machining operation call for small 
tools or those with inherently weak de- 
sign. Here the softer carbides must be 
specified to resist damage caused by 
deflection and chatter. Small radii or 
the use of coolants to carry away chips 
may rule out use of the harder grades 
of carbide. 

Hardened steels, or those with rela- 
tively poor machinability, also require 
use of the “softer” grades of carbide. 
The same is true of fragile, coarse- 
grained or scaly stock, which may chip 
the harder grades, 


“true rake” angle. As indicated by the 
equation for shear angle in terms of 
rake and friction angles ‘see col 1), 
the true rake angle directly affects the 
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Fig. 5. Nomenclature of a Ground 

Right-Cut, Single Point Tool with a 

Straight Shank ( American Standards 
Association) 


shear angle in the chip forming process, 
and therefore greatly affects the tool 
forces, power and temperature. The 
larger the positive value of the true 
rake angle, the lower the force, It is 
limited in magnitude, however, by the 
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strength required of the tool for any 
particular machining operation. 

In milling, the true rake angle is the 
resultant of the axial rake, radial rake, 
and corner angle. In turning, there- 
fore, it is the resultant of back rake, 
side rake and side cutting edge angle. 

Figure 6 shows the geometrical ar- 
rangement of the various rake angles. 
Each of the rake angles is measured 
with respect to a reference plane which, 
in milling, passes through the axis of 
cutter rotation and the point of the 
tool. In turning, the reference plane 
passes through the axis of the work 
piece and the point of the tool. True 
rake (by definition) is measured in a 
plane perpendicular to the projection 
of cutting edge on reference plane. 

The angle of next importance in ma- 
chining is inclination. This is the angle 
which the cutting edge makes with the 
reference plane, which, by definition, is 
perpendicular to the direction of tool 
travel. Inclination determines the di- 
rection of chip curling. When the in- 
clination is zero, chip flow is virtually 
in the plane of true rake. 

Many combinations of axial rake, 
radial rake and corner angle other 
than those listed in Table I have also 
been successfully used in practice. The 
requirements for all types of machining 
operations are — first, to select a true 
rake large enough for the particular 
cutting conditions to provide effective 
chip formation, yet leaving an included 
angle for the tool sufficiently large to 
provide the required strength and heat 
conduction; second, to select an incli- 
nation for the cutting edge which will 
provide the desired direction of chip 
flow. In face milling, positive inclina- 
tion directs the chip outward while 
negative inclination directs the chip 
toward the center of the cutter. In 
turning, positive inclination directs the 
chip toward the unmachined surface 
of the work, while negative inclination 
directs the chip toward the finished 
surface. A positive inclination is there- 
fore generally desired. 

The alignment chart, Fig. 7, is a 
semi-quantitative guide for the selec- 
tion of true rake angles for various 
combinations of tool materials and 
common ferrous metals. The rigidity 
scale is a qualitative modifier of tool- 
work combination to allow for various 
degrees of rigidity in work, fixture or 
machine. Increased rigidity permits a 
positive increase in true rake. 

After the suggested initial value for 
true rake has been selected from Fig. 7, 
it may be resolved into a tentative 
combination of rake and corner ‘or 
side cutting edge) angles by means of 
the chart, Fig. 8. The inclination pro- 
vided by this combination may then be 
checked on the same chart. 

Use of the charts, Fig. 7 and 8, may 
be illustrated by the following example. 
Assume a face milling operation on 
free-machining 1112 steel with a high 
speed steel cutter, with a setup and 
machine of average rigidity. On the 
alignment chart, Fig. 7, connect the 
high speed steel index with the upper 
end of the free-machining steel block 
as indicated by line A, and mark its 
intersection with the reference axis at 
point 1. Then connect point 1 with the 
“average rigidity” point by the line B 
and note its intersection on the true 
rake line at the recommended value of 
+15 deg 


Next, consult chart, Fig. 8. Usually 


work Piece 


Fig. 6. Perspective Views of the Geometrical Relationships oj Tool 


Angles 
and Reference Plane 
125 Bhn 
=> Z in 
| Hhn R k 
| rake 
Rigidity 
"400 Bhn 
Tool Work 
Material Material 
Fig. 7. Alignment Chart for the Approximation of True Rake 


notion, deg 


lan 


efermining 


de Rake for 


rs 


Fig. 8 


Radic 


orner Angle or 


Chart for Determining True Rake Components and Inclination of Teeth 


70 60 
de Cutting Edge 


é 
mi 
+ = 
4 
: 
r 
| 14 1 
| ze | 
r | 
40 4 6 ‘ 
te utting Edge Angle for Detern ng True Rake,deg 


50 40 30 ) 0 


Angle for Determining incination, deg 


jor Milling and Turning 


JULY 15, 1954; PAGE 143 


In 
Clip | e! 
Op, 
On | Re 
s 
nce ¥ Cy 
a 
pe’ ane we Ay 
pi? / Yle 
| 
x 
(/ 2 
| 
Ors 
<= 
Face 
ot Toots 
~ 
-35 +35 +35 
- 30} | +30 
} 
° | | | ] | | 
“M5 Line 3 4° | 15 
O 
-10 
v 
= 
© 15 
- 21 | } 
B25}. -25 | 
Corner Angle 
90 
/ / / 


one may begin with a desired or as- 
sumed value of corner angle, say 60 
deg in this example. (For long tool life 
and maximum production, the corner 
angle should be as large as possible; if 
a chattering condition or heavy scale 
is encountered, the corner angle should 
be decreased.) Note the intersection of 
the “true rake” corner angle line 1 for 
60 deg and the true rake line for +15 
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Fig. 9. Progression of Wear of Car- 
bide Tools. High-strength metals 
are those of 300 to 500 Bhn; low- 
strength metals, less than 250 Bhn 


deg. Through this point draw line 2 
connecting some tentative value for 
axial rake (say +20 deg) with the 
radial rake scale, and read the value 
(~ 5 deg) for radial rake. 

Next check this combination to find 
the corresponding inclination. Connect 
the + 20-deg axial rake point with the 

5-deg radial rake point by the line 3. 
(Note that the scale for radial rake is 
inverted for determining inclination.) 
Read inclination (414 deg) at the in- 
tersection of this line with the vertical 
line 4 for 60-deg corner angle. If some 
other value of inclination were desired 
‘so as to provide a different direction 
of chip flow) a different orientation of 
the line 2 through the +15-deg true 
rake line must be tried. 

It should be noted that many differ- 
ent combinations of axial and radial 
rake angles will provide a given true 
rake with a given corner angle; how- 
ever, only one combination will provide 
both a given true rake and a given 
inclination with a given corner angle. 

Mode of Tool Failure. Too! life, with 
a given tool-work combination, is pri- 
marily a function of the temperature 
of the cutting tool. The relationship 
between tool life and cutting tool tem- 
perature has been found empirically by 
Schallbrock, Schaumann, and Wallichs 
(Ref 7) to be of the form: 


where: 

T = tool life, min 

t — temperature at tool chip inter- 
face, deg Cent 

n = an exponent, the value of which 
depends mainly on the tool 
form and tool material 

K = a function of speed, feed, depth, 
tool, work, and cutting fluid 
(a constant when all of these 
quantities are held constant) 


According to the above authors, the 
exponent mn normally has a value of 
about 20, with high speed steel tools, 
and about 10 for carbide tools. Expo- 
nents of this order of magnitude have 
also been found by other investigators. 
It is evident, therefore, that a very 
small change in tool temperature has 
a large effect on tool life. 
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Tools fail by mechanical abrasion, 
which may be caused by either exces- 
sive face wear (cratering) from abra- 
sion by the chip, or flank wear from 
abrasion by the newly machined sur- 
face, or a combination of both. Usually 
the wear on one surface predominates. 
If flank wear is allowed to proceed too 
far, the tool will break or fail very 
rapidly because of the excessive heat 
generated when cutting clearance is 
decreased by wear. 

Too! failure from excessive face wear, 
or cratering, usually occurs when the 
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tool face temperature is very high, or 
when the apparent pressure between 
the chip and tool is very great. Crater- 
ing usually begins some distance from 
the cutting edge. As the wear pro- 
gresses, and the width and depth of the 
crater increase, the edge of the crater 
approaches the cutting edge until the 
latter fails rapidly under the applied 
load. The practical tool life, under 
these conditions, ends just before fail- 
ure of the original cutting edge. 

With carbide tools, which usually fail 
by flank wear, it is economical from 
the standpoint of reconditioning to 
consider the tool to have failed when 
the wear on the flank has reached a 
condition corresponding to (a) in Fig. 
9, where the rate of wear begins to in- 
crease rapidly at a value of not more 
than 0.015 in. when high-strength met- 
als such as quenched and tempered 
steel (300 to 500 Bhn) are being cut. 
For softer metals such as cast iron or 
annealed steel (under about 250 Bhn) 
the flank wear land should not exceed 
0.030 in., which corresponds to point (b) 
in Fig. 9. The cutting tool should be 
resharpened before the flank wear is 
accelerated by chipping at (a) and ‘b) 
If the cutting tool is ground prior to 
this point of rapid wear, less chipping 
of the cutting edge will occur and a 
harder grade of carbide can be used at 
higher speeds. After a rapid initial 
tool wear due to minor abrasion of the 
cutting edge, normal wear proceeds 
until enough force is exerted on the 
flank of the tool to cause chipping. 

This same method of determining 
useful tool life can be used also for high 
speed steel tools, but about twice as 
much flank wear may be tolerated be- 
fore regrinding. 

It has been found experimentally 
that, if all other conditions are kept 
constant, tool life will decrease with 


increasing cutting speed, according to 
the following empirical relationship 
established by Taylor: 


=€, 
where 
V = cutting speed 
T = tool life (cutting time before 
resharpening) 
n= an exponent, which depends on 
tool and work materials, tool 
geometry and cutting fluid 
C,=a constant for constant feed, 
depth, tool, work and fluid 
The above general relationship is valid 
for high speed steel tools, providing 
only that the speed is high enough to 
produce a normal, free flowing chip. 
For carbide tools there is a point of 
reversal in the tool life curve below 
which the tool life is decreased by a 
further decrease in cutting speed. The 
point of reversal may be as high as 300 
fpm but is usually less than 150 fpm. 
Tool failure below this point is usually 
a chipping process, instead of the nor- 
mal abrasive wear. 
High speed steel tools, cutting ductile 
metals at moderate speeds, usually fail 
by cratering on the face. 


Power Requirements 


The power required to machine metal 
is often expressed in terms of specific 
power, W,, which is the horsepower at 
the cutter required to remove a unit 
volume of metal in unit time ‘horse- 
power per cubic inch per minute). 
Average values of W,, for steel and cast 
iron, for various Brinell hardness num- 
bers, are given in Fig. 10. The values 
given are for sharp tools and good cut- 
ting conditions; they should be in- 
creased up to 100% for poor cutting 
conditions such as the use of very fine 
feeds. The specific power is not greatly 
affected by cutting speed over the 
range of speeds normally used in prac- 
tice, but decreases slightly at higher 
speeds. The tool material has virtually 
no effect on specific power. Cutting 
fluids will reduce power when used at 
slow speeds on ductile metals but have 
little effect on power at high cutting 
speeds or on brittle metals 

Net power, P,, equals U ~ W,, where 
U is volume in cubic inches of metal 
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Fig. 10. Average Values of Specific 
Power, W,, for Cutting Steel and 
Cast Iron 


removed per minute. Gross power, P,, 
the power developed by the motor driv- 
ing the machine tool, is the sum of net 
power, P,, and tare power, P,. This 
tare power includes the power con- 
sumed in the feeding system, and fric- 
tional losses in the machine drive. 
Reasonably accurate values of cut- 
ting force F, (Fig. 4) may be obtained 
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from the equation F. = 396,000 W,,fd by 
using the values of W, presented in 
Fig. 10; fd (feed « depth) is the cross- 
sectional area of the cut. 


Work Metal and Tool Life 


The machinability of the metal to be 
cut influences the type and number of 
machine tools, space and personnel 
needed to do a given job. The best 
source of machinability data is a tool 
life curve obtained under the manufac- 
turing conditions in question. With the 
aid of such curves, production rates can 
be calculated and the required number 
of machine tools can be estimated 

When it is not feasible to run full 
tool life studies, other data may be 
used for rapid estimation. These in- 
clude (1) chemical composition of the 
alloy, (2) hardness data and (3) data 
on microstructure such as microhard- 
ness and distribution of microconstitu- 
ents. Usually all of these factors are 
influential and consideration of only 
one would be misleading. However, in 
cast iron, microstructure is the most 
important of the three. 

Gray Iron. The important elements 
present in unalloyed gray iron are car- 
bon, silicon, manganese, sulfur, and 
phosphorus; these elements and the 
rate of cooling control the microcon- 
stituents identified in Fig. 11. 

The most important microstructural 
effects in the machinability of gray 
iron are: (1) the more ferrite the bet- 
ter the tool life, (2) the coarser the 
pearlite spacing the better the tool life, 
(3) the more iron carbide the poorer 
the tool life; even small percentages 
(5%) of the very hard iron carbide in 

assive form are detrimental; areas 
containing large percentages will cause 
tool failure almost instantly. Flash and 
other chilled sections of iron castings 
are really white cast iron, rather than 
gray, and are essentially unmachinable. 

Malleable Iron and Nodular Iron have 
the same important microconstituents 
as gray iron and they influence ma- 
chinability in the same way. The 
graphite in malleable and nodular irons 
is in rounded form, rather than as 
flakes. As in gray iron, however, the 
matrix structure of malleable and nod- 
ular iron controls tool life. The tool 
life increases with the percentage of 
ferrite. and decreases with increased 
percentage or fineness of pearlite. 

Annealed Cast Irons. Most nodular 
irons and all malleable irons are an- 


Fig. 11. Microstructures of Six Gray 
Cast Irons Effect of structure on 
60-min tool life (V,,,) is indicated by 
the cutting speeds shown (in f{pm), 
along with the Brinell hardness 
number, in the lower left corner of 
each photomicrograph. Percentages 
of microconstituents (neglecting 
graphite) in the six structures are 
approximately as follows: 


Bhn Microstructure 

240 200 ‘) fine pearlite, 5 iron carbide 
220 260 fine pearlite, 5 Steadite 

220 270 100°, fine pearlite 

200 100°) coarse pearlite 

150 550 50°) coarse pearlite, 50°) ferrite 
120 800 100°; ferrite 


The V.,,, values above are for carbide 
tools. Curves of tool life in terms of 
metal removed and cutting time over 
a range of cutting speeds are shown 
in Fig. 12 for three types of gray iron. 
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Fig. 13. Tool Life Curves: Metal Removed and Cutting Time to 
Produce a 0.030-In. Wear Land on a Carbide Tool versus Cutting 
Speed for Four Nodular Cast Irons 


Tool angles and other conditions, 
same as Fig. 12 
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Fig. 14. Tool Life Curves: Metal Removed and Cutting Time to 
Produce a 0.030-In. Wear Land on a Carbide Tool versus Cutting 
Speed for Five Annealed Steels 


Tool angles and other conditions, 


same as Fig. 12, except nose radius 0.040 in. 


nealed before machining. If annealing 
is incomplete, excessive amounts of 
pearlite and even massive carbide may 
be present. Equivalent microstructures 
of annealed cast irons, regardless of 
composition, hardness or strength, indi- 
cate equivalent machinability, and this 
is actually observed. Tool life curves 
for typical gray irons are given in Fig. 
12 and for nodular iron of various 
microstructures, in Fig. 13. 

Steels. Too] life in the machining of 
steel is influenced by chemical compo- 
sition, hardness, and microstructure 
Medium-carbon alloy steels give nearly 
the same tool life when they have the 
same hardness and microstructure. 

Tool life for steel is increased by: 
(1) large percentages of ferrite, (2) 
coarse pearlite as contrasted with fine 
pearlite, (3) fine spheroidized carbide 
as contrasted with massive carbide and 
(4) free-machining additives such as 
sulfur, lead, selenium and others. Net- 
work iron carbides, which may be pres- 
ent in annealed carburized parts, de- 
crease tool life. 

Typical tool life curves for five an- 
nealed alloy steels machined with car- 
bide are shown in Fig. 14, and the same 
steels machined with high speed steel 
tools are shown in Fig. 15. The relative 
positions of these curves show the im- 
portance of composition on tool life and 
cutting speeds. 

The tool life curves in Fig. 16 and 17 
illustrate the relationship between heat 
treatment ‘and resulting hardness) and 
cutting speed. As shown in these curves, 
a single steel (8640) has a wide range 
of cutting speeds, depending on the 
heat treatment. 

Various indices have been used to 
describe relative machinability. Simple 
indices are subject to error because 
they attempt to summarize a complex 
set of conditions in a single number. 
Some advantage can be found in using 
a speed number V,,, which is the cut- 
ting speed in feet per minute that will 
give 60-min tool life under given cut- 
ting conditions. Values of this speed 
number which indicate reasonable 
starting conditions for many machin- 
ing operations are given in Table II. 
These data are actual test results (Ref 
8 and 9) and specify the variables of 
microstructure, heat treatment and 
hardness for which they are valid. 


Cutting Fluids 


Cutting fluids are commonly applied 
to cutting tools to improve surface fin- 
ish, dimensional accuracy or tool life 
Their basic functions in accomplishing 
these improvements are: 

1 To decrease the friction, welding or 
adhesion that occurs between chip 
and tool 

2 To cool the tool and work piece by 
carrying heat away from the zone of 
cutting 

3 To transport chips away from the 
cutting zone 


While these functions are frequently 
operative at the same time, one or an- 
other may assume the role of major 
importance, depending on the particu- 
lar operation. 

As described earlier (under Mode of 
Tool Failure) wear occurs on the face 
and flank of a cutting tool by abrasion 
from the chip and work surfaces, re- 
spectively. The chip is forced against 
the tool face with very high pressure 
but still the surface of the chip will 
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touch the tool face only at the highest 
points on the two surfaces. The inti- 
mate engagement between these con- 
tacting points permits the establish- 
ment of minute welds which are con- 
tinually being made and broken by the 
passage of chip and work, thus giving 
rise to a friction force on the tool, and 
progressive wear. 

Figure 18 is a photomicrograph of a 
cross section through an actual chip- 
tool interface, relative motion between 
chip and tool having been suddenly 
arrested and the engaging surfaces 
maintained in their operating positions. 
/ This micrograph confirms the expected 

existence of a labyrinth of voids or 
capillaries between the contacting 
points on the interface, through which 
a cutting fluid (or its vapors) will 
therefore penetrate. 


Fig. 18. Photomicrograph of a Cross 
Section through an Actual Chip.and 
Tool Interface Immediately behind 
the Cutting Edge, Showing the 
Existence of Voids 


Much experimental evidence has been 


accumulated ‘(Ref 10) to indicate that 
an effective cutting fluid decreases 
friction and reduces wear by reacting 


chemically with the chip metal to form 
solid separating films of low shear 
streneth materials. Such chemical re- 
actions are possible because of the 
unique conditions of high local pres- 
sure and temperature at the contacting 


. points, and a freshly formed metal 
surtace. 

The action of carbon tetrachloride 

‘ may be considered to illustrate the 


principles involved, even though this 
material is of little commercial value 
as a cutting fluid because of its toxicity, 
volatility and cost. When carbon tetra- 
chloride is used to cut steel, a small 
quantity of the fluid is drawn to the 
tool point by capillary forces and re- 
acts with the chip under the extreme 
conditions obtaining locally. Iron chlo- 
ride is formed which has a low shear 


trength and is not readily displaced 
from the surface on which it is pro- 
duced. If the cutting speed is not too 


ereat, sufficient iron chloride may be 
formed to prevent the steel chip from 
welding to the tool face, and the cut 
will be produced without a built-up 
edge and with a minimum of heat. 
Further confirmation of the chemical 
action theory of friction reduction in 
metal cutting is given by Table ITI, 
which shows that certain fluids may 
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Speed, per min 


conditions, same as Fig. 14 
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Tool angles 
side rake, 15; side cutting edge angle, 0; 
Nose radius, 0.005 in.; feed, 0.009 ipr; 


Metal Removed and Cutting Time to 
Wear Land on a High Speed Steel Tool (18-4-1) 
versus Cutting Time for Five Annealed Steels 
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Table I. 


Cutting Speed Numbers for Steel and Cast Iron * 


Speed Number'* 


Condition or HS Car- 
Alloy" Heat Treatment Structure Bhn Steel” bide’ 
Steels 

1112 Hot Rolled 10 P, 90 F 135 220 800 
1020 Annealed oO’, P,90% F 115 150 550 
8620 Annealed 30°, P, 70% F 145 150 460 
3140 Annealed 75’, P, 30% F 190 75 280 
3140 Q&T Temp Mart 302 55 200 
1140 Annealed 65% P, 35% F 140 80 330 
4140 Annealed 90. P10) F 192 75 225 
4140 Sphetr Spher 166 125 560 
4140 QaT Temp Mart 300 i) 210 
4140 Q&T Temp Mart 100 35 190 
4340 Annealed 100, P 221 70 260 
43540 Spher Spher 206 375 
4340 Q&T Temp Mart 300 a) 260 
4540 Q&T Temp Mart 400 30 225 
4340 Q&T Temp Mart 500 15 125 
5140 Annealed 60°; P, 20% F 192 85 240 
BO4A0 Annealed oO P, 50 F 170 125 325 
8640 Annealed P, 25% F 190) 280 
8640 Spher Spher 80 10 375 
Hot Rolled WwW 250 85 310 
8640 Q&T Temp Mart 300 60 

Q&T Temp Mart 400 40 150 
12100 Spher Spher 190) 100 275 
145 Annealed BO P, 20% F 207 
4817-1 Annealed W Spher 217 1) 450 
9262-11 Annealed Pen 255 150 
146345 Annealed i) P, 40 F 167 150 295 
§4B17 Annealed 40°, P, 60". F 167 150 540 
BORO Annealed P 212 260 
81140 . Annealed 95 P, 5% F 207 40 290 
Annealed P, 5% F 212 65 

§8B40 Annealed Pio 202 80 330 
5SOB60 -Annealed 100 205 95 220 
Cast 1020 Annealed 122 160 400 
Cast 1020 Normalized 30°, P, 70°) F 134 135 230 
Cast 1040 Dbl Norm vil) P, 30 F 185 130 400 
Cast 1040 Norm & Ann P, 40° F 175 135 380 
Cast 1040 Normalized 70°) P, 30°) F 190 120 325 
Cast 1040 Norm & OQ 20°, F 225 310 
Cast 1330 Normalized 60", P, 40° F 187 75 140 
Cast 1330 Norm & Temp P, 40%. 160 120 230 
Cast 4130 Annealed 50°) P, 50°, F 175 95 260 
Cast 4130 Norm & Spher Spher 175 90 200 
Cast 4340 Norm & Ann 85’), P, 15° F 200 60 210 
Cast 4340 Norm & Sphet Spher 210 95 290 
Cast 4340 Q& T Temp Mart 300 45 200 
Cast 4540 QeT Temp Mart 400 35 180 
Cast 8430 N & T 1200 F Fine Spher 200 90 200 
Cast 8430 N & T 1275 F Fine Spher 180 110 240 
Cast 8630 Normalized Wm P, 30°) F 240 75 180 
Cast 8030 Annealed 85° P, 45% F 175 120 290 

Cast Irons 

Gray Annealed F 100 800 
Gray Iron -As-C Slow Cool Coarse P 195 320 
Gray Tron As-C Fast Cool Fine P 225 270 
Gray Iron’ .As-Cast Acicular 262 170 
Nodular 1 As-Cast 80"; P, 20°) F 265 220 
Nodular 2 As-Cast 40°, P, 60°. F 215 320 
Nodular 3 As-Cast F 207 380 
Nodular 1 Annealed 3% P,97% F 183 500 
Nodular 3 Annealed 100", F 170 780 


(a) Cutting speed number is the cutting speed in feet per 
given flank wear land on the tool in 60 min Flank wear land on high speed steel tools 
was 0.060 in.; on carbide tools, 0.015 in. for cutting steel and 0.030 in. for cutting cast iron. 
All of the results are for turning operations. The depth of cut was 0.062 in. and feed 0.009 
ipr for high speed steel tools; for carbide tools, de pth of cut was 0.100 in. and feed was 
0.010 Data from Ref 8 and 9. (b) Carburizing steels (020° C) are usually received 
in the hot rolled condition; medium-carbon steels, either hot rolled or annealed. 

(¢) Abbreviations used in this table: Ann, annealed; As-C, as-cast: Dbl, double; 
F, ferrite; Mart, martensite; N or Norm, normalized: O, oil; P, pearlite; Q, quenched; 
Spher, spheroidized or spheroidite; T or Temp, tempered; W, Widmanstitten. 

(d) 184-1 high speed steel, (e) General-purpose cast iron grade of carbide for 
cutting cast Irons; general-purpose steel grade for steels. (f) Partly spheroidized (g) 


minute which causes a 


Coarse pearlite, (h) Pearlite spheroidized. (i) High-alloy east iron 
Table IL. Influence of Cutting Fluid 

Appearance Cutting Cutting 

of Surface Ratio Force, Ib 
Cutting Fluid Al 1020 Al 1020 Al 1020 
Acetic anhydrice jad Good O.18 041 154 363 
Turpentine Good Bad 0.35 0.25 78 493 
Carbon tetrachlorice V. Good V. Good 0.39 0.48 65 212 
Benzene V. Bad V. Bad 0.13 0.22 182 535 


Al, aluminum; 1020, 0.20 e 


steel: V. vers 
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act selectively with respect to two dif- 
ferent metals while others may be 
either effective or ineffective on both. 
In further tests, carbon tetrachloride 
was found to be effective on all metals 
tested except lead. Its ineffectiveness 
on lead might be expected from the fact 
that the lead chloride which is formed 
at the interface has a higher shear 
strength than the lead junctions which 
would be formed if the carbon tetra- 
chloride had not been used. Hence the 
friction force at the interface was 
increased. 

In the lower range of cutting speeds 
the friction-reducing effect of the cut- 
ting fluid is of greatest importance. At 
the higher speeds the cooling effect 
should predominate. 

Cutting fluids in common use are of 
two classes: water-base and oil-base 
The former are generally used in ap- 
plications where cooling is of majo: 
importance; however, when formed as 
a chemical emulsion with suitable ad- 
ditives, they may also provide an effec- 
tive reduction of friction. Oil-base 
fluids, usually with various additives, 
are generally used for the heavier, slow- 
speed operations or where considerable 
chip crowding occurs, as in internal 
broaching, gear cutting and threading. 
In such operations, friction reduction 
is of major importance. 

Cutting fluids should preferably be 
applied to both the face and flank 
surfaces of a cutting tool, so as to sur- 
round the cutting region. 


Production Planning 


The object of planning a machining 
operation is to achieve optimum initial 
machining rates, which can_ subse- 
quently be revised, either for least cost 
or greatest production. 

Production Costs. An analysis of pro- 
duction costs will show the factors 
which can be varied to decrease the 
costs (Fig. 19). 

The idle and loading costs represent 
the noncutting time of normal produc- 
tion. This time may be reduced if the 
proper tooling and proper incentive for 
the operator are at hand. The use of 
loading fixtures, automatic speed chang- 
ing, centralized controls, rapid power 
traverse, prelocating of tools as in the 
turret of a turret lathe, and even auto- 
matic work handling, such as is used 
in many of the high-production auto- 
motive plants, will all reduce this idle 
and loading time. It is not unusual for 
the idle and loading time to occupy 
from 40 to 80% of the total machining 
time, and this time, per piece, is not 
affected by cutting speed. 

The cutting cost represents the time 
that the tool is actually cutting. In 
job shops this usually represents a 
small proportion of the total time, 
whereas in high-production work, espe- 
cially in automatic machines, the cut- 
ting time may represent a large pro- 
portion of the total time. To reduce 
the cutting time requires that the metal 
be removed at a faster rate, which in 
turn requires that more power be avail- 
able or that the method of cutting be 
more efficient. Increasing the cutting 
speed will decrease the cutting cost, as 
shown in Fig. 19 

The tool changing cost increases rap- 
idly as the cutting speed is increased 
The cost covers the time for the oper- 
ator to remove, replace, and reset the 
tool, and get the machine running 
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Table IV. 


Tool 
Material 


Carbon tool steel and 
high speed steel 


Sintered carbide 


Anti-seizure 
steel (a) 


tvpe of cutting 


again. If the operator regrinds his 
own tools, this time should be included. 

The tool grinding costs include de- 

preciation of the original tool cost and 
the cost of labor, grinding wheels, and 
other equipment and supplies. These 
are computed as dollars per tool grind. 
As shown in Fig. 19, this cost may be- 
come excessive if cutting speeds are too 
high. 

An analysis of costs for single point 

tools is as follows: 

Costs Per Piece include: 

1 Idle cost per piece — K, « Idle time 
per piece. Includes loading, un- 
loading and tool approach 

2 Cutting cost per piece 
K, x Cutting time per piece 


K. (= 
12f/V 
3 Tool changing cost per piece 
K, < Tool failures per piece 
x Tool changing time 
LrDV' 


K 


12/C" 
4 Tool regrinding cost 
K, ~ Tool failures per piece 
1 


1 
LrDV' 
12/C" 
where: 
K direct labor rate + overhead 


rate, $ per min. Includes oper- 
ator and helper’s labor, main- 
tenance, power, depreciation, 
insurance 
K tool cost per grind, includes 
original and regrinding costs, 
$ per tool 
L — length of cut, in. 
D ~ diameter of cut, in. 
V — cutting speed, fpm 
f — feed per rev, in. 
VT" —C is the equation of 
speed and tool life 
T — tool life, min 
Te tool changing time, min 


These four quantities can be added 
graphically to obtain the total cost 
curve as shown in Fig. 19. 

From this curve it is evident that for 
this example the minimum Cost per 
piece will be obtained at a cutting 
speed of about 250 fpm. 

Tool Life for Minimum Cost. Tool 
life varies inversely with cutting speed 
according to the equation VT" c, 
which plots a straight line on log-log 
paper and nearly a straight line from 
actual test data ‘Fig. 12). (V is cut- 
ting speed, T is tool life between re- 
sharpenings, n is the slope of the curve 
of cutting speed versus tool life and C 
is a constant equal to V when tool life 
is 1 min). The value of the exponent 


cutting 


Typical Values of n and ( 


fluids decre 
For cutting speeds above 300 fpm 


1 1) 
n 

Work l 
Material n ( 


Steel ft 


Steel, hardened 0.15 57 
Cast tron 0.15 57 
Steel, soft’ 020 4 
Steel, hardened o2 3 
Cast iron 0.25 3 
ase the value of nm approximately 10 for 


n is fixed for a given combination of 
tool material and dimensions, cutting 
fluid and work material. Typical values 
of n are given in Table IV. 

The equation for the middle curve 
of the right-hand chart in Fig. 12 is 
VT 900. This relationship is need- 
ed to calculate preferred tool life for 
minimum cost and for maximum pro- 
duction rate. The preferred tool life for 
minimum production cost is: 


Parsee = (5 


where n is the exponent in the equation 
VT" — C, and R is the ratio of cost of 
changing and regrinding the tool to the 
cost of labor and overhead. For the 
lathe operation represented by Fig. 12 
the data necessary to find the desired 
tool life are: 

Labor rate $2 per hr = $0.033 per min 

Machine overhead $3 per hr = $0.050 
per min 

Tool changing time, T,.. = 5 min 

Tool depreciation cost = $0.95 per 
grind 

Tool regrinding cost = $0.85 per grind 

Tool changing cost 


5 & (0.033 +- 0.050) = $0.415 
R 0.415 +- 0.95 + 0.85 2.215 267 
0.033 + 0.050 0.083 
The factor (/n —1) in general may 
be taken from Table IV, but in this 
example is taken as (1 027-— 1). 
) 26.7 
0.27 

2.7 26.7 72 min 

and the corresponding cutting speed 


from Fig. 12 is about 320 fpm 


Maximum Production Rate. The tool 


life for maximum production rate is 
‘lin 1) T,, where T,, is the tool 
changing time in minutes, and includes 
loading time but no other idle time 
If maximum rate of production is de- 
sired, with higher tool cost, the tool 
life is 
T 1 )r | 
n 
2.7 x5 13.5 min 


and the corresponding cutting 
from Fig. 12 would be 490 fpm 
Nomographs have been prepared for 


speed 


Table V. 


Ratio of 


/ d 
1 or f or d 
0.25 
15 
20 
40 


computation of tool life for minimum 


cost (Fig. 20) and for maximum pro- 
duction rate (Fig. 21). 

Dimensions of Cut. As indicated by 
the data shown in Fig. 22, the dimen- 
sions of cut influence cutting speeds in 
two ways: (1) larger cuts, regardless of 
dimensions, usually remove more metal 
for the same tool life and (2) greater 
depth of cut is more effective in re- 
moving additional metal than greater 
feed, for the same tool life. These re- 
lationships conform to the equation 
¥.f**¢ K, where V,,, is the cut- 
ting speed for 90-min tool life, f is feed 
and d is depth of cut. As shown by the 
larger exponent for f/ in the equation, 
deep cuts are better than heavy feeds 
When depth of cut is doubled, speed is 


reduced 22 but metal removal is in- 
creased 56 When feed is doubled, 
speed is reduced 34°. and metal re- 


moval is increased only 31°; 


Fig. 19. 


Example of Variation of 
Machining Cost with Cutting Speed 
jor One Set of Conditions 


An increase of feed and depth of cut, 
together with a corresponding reduc- 
tion of cutting speed, will increase tool 
life and decrease power consumption 
for the same rate of metal removal 
The size and depth of cut are limited 
only by the forces on the tool, the power 
available, tool chatter, finish and in- 
accuracy of dimensions because of tool 
deflection under load. 

Selection of Cutting Speed, for the 
previously computed optimum tool life, 
may be made by one of four method: 


Cutting Speed Conversion Factors 


Cutting Speed Multiplier 
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depending on the data available. 

In the first method, when no data 
are available, the cutting speed may be 
increased in successive trials until the 
tool life for the computed minimum 
cost is reached 

The second method can be used to 
convert a single available figure for 
cutting speed at a given tool life to a 
new cutting speed for the desired tool 
life. This method applies to both high 
speed steel and carbide tools. Data 
that will serve as an excellent starting 
point for turning operations are listed 
in Table II, in the section Work Metal 
and Tool Life, page 148 

The conversion of these data to the 
desired tool life involves the equation: 


I, 6, 
aT” 
where 7’, is 60-min tool life and T, is 
the desired tool life computed previ- 
ously. To simplify the conversion to the 
second cutting condition, multiply the 
known cutting speed by the factors 
listed in Table V. This method lends 
itself to simultaneous conversion § of 
several cutting conditions 

A third method of finding the cutting 
speed is to use the nomograph or align- 
ment chart shown in Fig. 23. This is a 
graphical representation of the equa- 
tions involved in the second method, 
for a limited range of steels. It is 
based on the equation 


Vr =p — 


which expresses the relation between 
cutting speed, V, tool life, T, feed, f, 
depth, d, and the constants, K,,, for 
tool material and K,,. for metal cut. 
Cutting speed can be found readily 
from this chart when the other factors 
wre known or assumed. The constant 
C in VT —C may be read from Fig. 
23 when tool life is taken as 1 min. 
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Fig. 21 (Right). Nomograph of Tool 
Life for Maximum Production Rate Ol 


The fourth method of selecting cut- 
ting speed is based on tool life curves. 
Figure 12 is an example of such data 
It is the simplest of all methods when 
feeds and speeds are to be the same 
as used in the existing data. However, 
cutting conditions used to obtain the 
data normally are different from the 
optimum conditions; therefore, the 
additional use of the second or third 
method will predict better initial cut- 
ting conditions 


3 


Area of Chip, sqin 


Fig. 22. Influence of Variable Feed 
and Variable Depth of Cut on Ma- 
chining Rate for 90-Min Tool Life. 
Medium carbon steel cut with high 
speed steel tool (Ref 11) 


The use of tool life curves for the 
prediction of machining facilities nec- 
essary to perform a given operation 
may be illustrated by an example 
Consider a shaft of 3.200-in. diam, to 
be machined from 3.500-in. diam 8640 
annealed bar stock of 170 Bhn. Assume 


40 
Tool Life For Minimum Cost 5 35 


- 


Tool Life For MaximumProduction Rate 


that the bar to be machined is 15 in 
long, depth of cut is 0.150 in., feed per 
revolution is 0.010 in., as in the data 

The tool is carbide. The suitable cut- 
ting speed can be read as 325 fpm from 
Table II on page 148. 

Production rate can be computed in 
the following steps: 354 rpm; feed rate 
3.54 ipm; machining time per shaft 4.2 
min; floor-to-floor time per piece, as- 
suming 0.5 min for loading and unload- 
ing, will be 4.7 min; and production 
rate will then be about 12 per hour. 

Assume further that production re- 
quirements are 48 pieces per hr but 
only three machines are available for 
the operation. The increase in speed 
necessary to produce 48 pieces per hour 
on three machines will decrease tool 
life and increase tool costs. The load- 
ing time remains at 0.5 min. Computa- 
tion shows that cutting speed must be 
increased to 480 fpm to meet the sched- 
ule with three machines. The effect of 
this increase on tool life can be read 
from the curve on Fig. 16. This shows 
a tool life of 15 min at 480 fpm as com- 
pared with 60 min at 325 fpm. Hence, 
if the work is done on three machines, 
the tooling costs will be increased 250°:. 

Tool life curves are shown in Fig. 12 
to 17 of this article and additional data 
for other materials appear in Ref 8, 9, 
12 and 13. These data are for 60-min 
tool life, a depth of cut of 0.062 in. and 
a feed of 0.009 ipr for high speed steel 
tools, but a depth of 0.100 in. and feed 
of 0.010 ipr for carbide tools. 

General Recommendations, Chipping 
failure of carbide tools usually occurs 
because of insufficient rigidity of the 
work piece (inherent or otherwise) or 
insufficient strength of the cutting edge. 
Changes should be toward providing 
maximum rigidity to the work piece 
through a suitable work-holding fix- 
ture, and toward increasing the strength 
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of the cutting edge either by use of a 
more shock-resistant grade of carbide, 
decrease in rake angle, or by blunting 
the cutting edge at 45 deg with a hone 
to a width not more than about \ the 
feed. 

Poor surface finish is caused by frag- 
ments of built-up edge which pass off 
with the machined surface during the 
formation of a type 3 chip; too small 
a nose radius; chatter; or too large a 
feed. The size of the built-up edge may 
be decreased by using an effective cut- 
ting fluid, increasing the cutting speed 
and increasing the true rake angle. 
Larger nose radii are generally benefi- 
cial to surface finish; however, they 
may cause chatter with a correspond- 
ingly rougher surface finish if the setup 
or work piece is not sufficiently rigid. 
Too large a feed will result in poor fin- 
ish due to heavy feed lines in the work, 
or in extreme cases may initiate chat- 
ter due to excessive force on the work. 

Chatter caused by a condition of un- 
stable forces encourages chipping of the 
tool and poor surface finish. The tool 
support should be designed to prevent 
increase of chip thickness as the work 
or tool deflects under load. Smaller 
nose radius and smaller side cutting 
edge angle will reduce the separating 
force between work and tool. Greater 
rigidity in the tool, tool holder and 
work-holding fixture decreases the like- 
lihood of chatter. 
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Machining, Joining and Finishing 
of Powder Metal Parts 


By the ASM Committee on Powder Metallurgy 


THE 1948 ASM METALS HAND- 
BOOK gives a general review of pow- 
der metallurgy ‘(pages 47 to 52) which 
emphasizes the primary operations of 
pressing and sintering, and includes 
data on the properties of metal pow- 
ders and certain pressed and sintered 
test specimens 

The discussion here supplements the 


1948 article by describing the machin- 
ing, joining, finishing and other opera- 
tions that are usually done by the user 
of powder metal parts, rather than the 
fabricator 

The information here is intended for 
those who may be considering the use 
of powder metal parts as well as those 
already concerned with them. 
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earch 


Machining practice depends greatly 
on the intended function of the part 
Structural parts where porosity is either 
incidental or deliberately minimized 
can usually be machined with the same 
procedures employed for rolled or 
forged alleys; highly porous parts de- 
signed to provide self-lubricating bear- 
ing surfaces must be machined with 
special care to avoid smearing the 
metal and destroying the surface po- 
rosity. Usually, actual cutting of the 
bearing surface is avoided entirely; 


Supplements the article on page 
47 to 52 of the 1948 ASM Metals 
Handbook 
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rather, the metal is pushed aside by 
ball-burnishing or coining. Coolants 
and lubricants are avoided because they 
may displace the lubricant in a porous 
bearing, sweat out and cause trouble in 
service. Instead, a low-pressure air- 
blast can be used 

The recommendations which follow 
apply equally to porous bronze and 
porous iron ‘(ASTM $6202). Changes 
of the initial cutting condition will 
usually be necessary to achieve opti- 
mum cutting conditions. 

Drilling. Speeds of 70 fpm (ft per 
min) for high speed steel drills and 
200 fpm for carbide drills will produce 
satisfactory holes. Drills with a low 
right-hand helix angle, or sometimes a 
left-hand helix angle, will prevent the 
drill from digging in. The cutting 
edges should be “dubbed” or ground to 
reduce axial rake enough to prevent 
such digging. 

Mechanical feeds should be used 
whenever possible and should be se- 
lected to achieve the desired finish if 
the drill is used for the final sizing 
operation, especially for the larger 
drills. The following feeds in inches 
per revolution (ipr) are satisfactory: 


Drill Diam Feed 
.. 0002 ipr 
to ly 0.004 
to % 0.006 
tol 
Tapping. Conventional tap-drill 


charts should be followed to maintain 
about 65 to 75% of thread. Two-flute 
taps are recommended for diameters 
of 5/16 in. and smaller; three-flute 
taps should be used for diameters from 
5/16 to '» in. Spiral-pointed taps are 
desirable because they throw the chip 
out instead of driving it into the pores 
of the metal part. 

Reaming. Left-hand helical reamers 
are recommended. The cutting edee 
surfaces should have a fine finish to 
minimize edge build-up, which results 
in oversize holes. The drill should 
leave a reaming allowance as follows: 


Hole Diam 


', in. or less 


Allowance 
0.002 in 
0.002 to 0.004 

tol 0.004 to 0.006 


Reamers should be used in floating 
holders whenever possible and should 
be run at 25 to 50 fpm. Feeds are as 
follows: 


Hole Diam Feed 

Uptotgin. ..... 0.005 ipr 

fe to 0.007 
0.010 


Turning and Boring. Frequently, a 
projection, a re-entrant angle or a 
large taper, not obtainable by pressing, 
can be machined, preferably with a 
carbide or diamond tool. Experimen- 
tation is generally needed to develop 
the optimum tool shape and feed. The 
depth of cut should be between 0.005 
and 0.015 in. to prevent smearing the 
metal. After grinding the tool, all cut- 
ting faces should be carefully honed 
to provide keen, smooth cutting edges 
The tools must be kept sharper than 
those used for machining wrought 
metals. 

With high speed steel tools, cutting 
speeds are 90 to 110 fpm, and with 
carbide tools 175 to 350 fpm. Feeds are 
iimited by the shape of the tool. For 
example, if a nose radius of 1 16 in. 
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were used, a feed of 0.010 to 0.015 ipr 
would be suitable. If the nose radius 
is decreased to 0.010 in., the feed should 
be decreased to between 0.003 and 0.005 
ipr to obtain a smooth, cleanly-cut sur- 
face. Figure 1 will serve as a starting 
point for design of carbide tools. 

The above values for turning may be 
increased for roughing operations or 
when a porous surface is not required. 
Speeds of 500 fpm are not excessive 
with carbide tools and may be as high 
as the limits of the parts dictate. Feeds 
of 0.030 ipr may be used. 

Milling. Carbide milling cutters are 
recommended. The conventional heli- 
cal tooth cutter with axial rake on the 
teeth will shear the chips cleanly. For 
a short run, parts may be machined 
with the same cutters used on cast iron, 
bronze, and other alloys of low tensile 
strength. As in other machining oper- 
ations, tools should be kept sharp. A 
corner bevel is preferred to a radius, 
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and smaller corner radii are preferred 
to larger ones 

High speed steel cutters should be 
operated at about 70 fpm and carbide 
cutters at 250 to 300 fpm, for general- 
purpose work. Carbide cutters should 
be used whenever possible to maintain 
size and finish for a long period be- 
tween grinds. If a wear land 1/64 in. 


B= Minimum Finished Bore 


. * 


meee Length of Length of 
Bearing Bearing + O 
Fig. 2. 


Ball Broach jor Burnishing Powder Metal Parts 


wide appears on the back of the tooth, 
or if wear becomes visible on the cut- 
ting edges, the cutters should be re- 
placed. Failure to change cutters will 
result in a condition that retards the 
passage of oil 

A feed of 0.010 to 0.015 in. per tooth 
is recommended for roughing work 
with carbide cutters. For finishing, 
feeds of 0.002 to 0.005 in. per tooth 
should be used. 

Shaping. A carbide or high speed 
steel tool ground as shown in Fig. 1 
may be used as a Starting point for 
shaping or planing, at the top speeds 
available on most machines. On older 
machines the tool is not lifted auto- 


5° for Planer or / § 1015° for Lath 
Shaper Tools / Tools 
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Fig. 1. Tool for Turning, Boring, 
Planing or Shaping of Powder Metal 
Parts 


matically on the return stroke but the 
operator must lift the clapper box by 
hand or provide a means for doing so 
automatically, to prevent chipping the 
tool and thereby marring the finish 
Since shaper and planer feeds are too 
coarse to provide the necessary finish 
on sintered parts, the end cutting edge 
angle of the tool shown in Fig. 1 may 
be changed from 5 deg to about 2 deg 
so the heel will barely clear the work 
and will remove its own feed marks. 

Grinding and Lapping of porous parts 
is not recommended because abrasive 
particles may become embedded in the 
pores, dislodge in service and damage 
bearing surfaces. Infiltrated or plastic- 
impregnated parts may be cylindrical 
ground or centerless ground with the 
usual techniques, without special pre- 
cautions. 

Burnishing of bronze, brass or iron 
is recommended for fits of 0.0005 in. 
or less between bearing bores and 
shafts, after the bushing is assembled 
in the housing to insure trueness of the 
hole. No more than 0.002 in. per in 
diam should be removed; the smallest 
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Table I. 


Tensile Strength, psi— 


Effect of Coining on Tensile Properties of Iron Compacts 


Elongation, % 


Initial Pressed & Coined at Pressed & Coined at 

Density Sintered 55 tsi Sintered 55 tsi 
GH 23,000 48.000 68 1 
Ge 26,800 52.009 70 18 
30,500 53,500 70 26 
34,000 55,000 82 34 
Bat 36.500 57,500 105 38 
74 38,000 57,000 95 48 


From W 


J. Doelker and H. T. Harrison, Proc Metal Powder Assoc, 1953. 


compacts of electrolytic iron powder sintered at 2070 F for 45 min 


amount that can be cleaned up suc- 
cessfully is preferred because surface 
porosity is lost in proportion to the 
amount of material displaced by bur- 
nishing. The type of tool recommended 
for this operation is shown in Fig. 2 

Figure 3 shows a sapphire tool for 
burnishing holes '»-in. diam and small- 
er, in either a high-speed lathe or drill 
press. A drop of light lubricating oil 
is used and the work piece is pushed 
onto the rotating tool. 


Sizing and Coining 


Sizing produces parts to extremely 
close dimensional tolerances without 
primary concern for mechanical prop- 
erties. The tools and presses may be 
those which produced the original 
compacts, and similar pressures are 
employed. Steel dies are satisfactory 
but carbide dies will produce many 
more pieces within tolerance. Bearings 
are frequently sized during assembly 
by inserting an arbor into the bore. A 
light oil film on the part will facilitate 
sizing, but any appreciable impregna- 
tion must be avoided because hydro- 
static pressure built up in a die can 
explode tools and injure personnel. 


Brass Shank 


Flats 
Fig. 3. Tool for High-Speed Bur- 
nishing of Holes in Powder Metal 
Parts 
Coining increases density and im- 


proves mechanical properties ‘Table I), 
and is also used to obtain contours of 


greater complexity than produced in 
the first pressing operation As in 
sizing, the coining dies would be sim- 


ilar to the original pressing dies; com- 
pacting pressures, which could be as 
high as 200,000 psi, are limited by the 
strength of the tools, the capacity of 
the press, and the ductility of the 
metal. Tolerances obtainable by sizing 
also apply to coining, but, because of 
the higher pressures, tool wear and die 
maintenance are greater. If tolerances 
of 0.002 in. per in. or less are required, 
coining tools must be undersize to allow 
for elastic recovery of the part upon 
release of pressure. 


Iron or bronze parts not economically 
producible in one piece can often be 
made as two pieces joined by brazing 
or by projection or spot welding. 
Brazing is limited to parts of high den- 


sity, finished by coining or infiltration. 
On parts of low or medium density, 
the brazing filler metal will infiltrate 
the part rather than filling the joint 
by capillary action. 

Spot welding is restricted to pieces 
about 1/16 in. or less in thickness and 
having a small area. Projection weld- 
ing is most useful for joining large 
areas. In projection welding, one or 
both of the mating pieces are pressed 
with a projection or boss of the type 
shown in Fig. 4. 

The electrodes may also function as 
the assembly fixture. In general, the 
procedures are the same as for wrought 
alloys except that the currents required 
are lower. Weld time cycle, hold time 
cycle and current all increase with 
projection diameter and height. 

Staking is a useful assembly method 
because most powder metal parts retain 
considerable mialleability. Star, ring 
and knife staking tools similar to con- 
ventional tools can be used but the 
metal should be worked in compression 
rather than curled or displaced later- 
ally. 


Impregnation and Infiltration 


Impregnation of sintered bronze or 
iron bearings with lubricating oil is 
generally done either by a “vacuum- 
pressure” method or by prolonged soak- 
ing in hot oil. Depending on the ap- 
plication, a wide variety of oils—sili- 
cone, anti-creep, low and high viscosity 
—may be specified. Bearings used as 
inserts in castings or moldings are nor- 
mally specified dry and are oil-impreg- 
nated in assembly. To seal surface 
pores as a preparation for plating and 
other finishing, a porous part may also 
be impregnated with commercial resins 
—polyesters are the most popular 

Infiltration is one of the newer proc- 
esses used to improve ferrous powder 
metal parts by filling the pores with 
molten copper, brass or bronze. Parts 
made of brass or bronze may be infil- 
trated with lead to obtain high density. 
Infiltrated parts exhibit full density 
and greatly improved mechanical prop- 
erties. Machining and plating of infil- 
trated parts are routine because of the 
absence of porosity. 


Heat Treating 


Heat treating can increase the ten- 
sile strength and hardness of ferrous 
sintered parts at the expense of duc- 
tility. Ferrous parts can be case hard- 
ened, but gas carburizing should be 
used on porous parts. Liquid carburiz- 
ing should be avoided because of cor- 
rosion following entrapment of salts. 
Infiltrated or full-density parts can be 
quenched and tempered conventionally, 
and surface hardened by carburizing, 
nitriding and cyaniding. 


Surface Finishing 


The simplest finishes (burnishing and 
scratch brushing) are frequently used 
on brass and nickel silver parts before 
lacquering for protection from oxida- 
tion Iron parts can be economically 
finished either by steam treating, which 
both blackens and hardens the surface, 
or by an oxidation process in which 
the parts are heated in air to about 
850 F and then quenched in an oil- 
water emulsion Parts thus treated 
exhibit higher hardness and better re- 
sistance to rust and wear 

The chromizing treatment, which is 
a gas reaction process for iron powder 
metal parts, produces a silver gray fin- 
ish which is hard and wear-resistant 
and has good resistance to 
in industrial atmospheres 
706, 1948 Metals Handbook.) 

Commercial plating finishes such as 
copper-nickel-chromium, cadmium, 
zinc, silver and gold have been success- 
fully applied to both ferrous and non- 
ferrous parts. The pores must first be 
closed by coining, burnishine, buffine, 
carefully controlled shot peening or 
resin impregnation. Unless the pores 
are closed, the plating salts, pickling 
acids and alkaline cleaners are trapped 
and discolor the finish, cause internal 
corrosion and “flowering” of the plate. 
Prolonged rinsing, followed by drying 
or baking, is necessary to remove all 
traces of solution 

Infiltrated and high-density parts of 
all metals are easily plated using 
standard procedures, and can be hot 
tinned for surface protection. Low- 
density parts are not normally hot 
dipped because they would absorb large 
quantities of the liquid metal. 


corrosion 
(See page 


SSX 


Detail of 
Projection 


Resistance 


Welder 


Insulated Pin 


Fig. 4. Assembly Fixture and Details 
of Projection Welds on Powder 
Metal Parts 


References 


E. J. Weller 
Metal Bearing 
149) 

G. Goetzel 
allurgy”, Inter 

W. Pratt, Impre 
of Sinterings, Proc 9th Annual Meeting 
Metal Powder As oc, 78-82 (April 1953) 

A. K. Graham, H. L. Pinkerton, A. An- 
derson, C. E. Reinhard, Plating of Pressed 


Machining Sintered Powder 


Materials, Machinery (June 
“Treatise on Powder 


Pub Co., ch 20 


Met- 
1950 
nation 


cence 


Metal Powder Parts, Plating (1949) 

J. F. Kuzmick, Metal Powder Parts Suc- 
cessfully Plated by New Process, Material 
& Methods (June 1950) 

C. G. Goetzel, Infiltration Metallurgy, 
Research (Dee 1951) 

W. J. Doelker and HT. Harrison, The 
Processing, in the Higher Density Range 
of Durable, Precision Iron Powder Parts 
on a Production Basis, Proc 9th Annual 


Meeting, Metal Powder Assoc, 22-47 (April 
1953) 


JULY 15, 1954; PAGE 153 


| Data for 
. 
Sapphire ‘ 
! >. ™ 
D 
4 


Steel Melting 


By the ASM Committee on Melting 


THE TECHNOLOGY of liquid steel 
has advanced in many ways during the 
last decade. The most important of 
these advances are discussed here, with 
emphasis on the two largest tonnage 
processes—basic open hearth and elec- 
tric—and two new techniques, vacuum 
melting and continuous casting of steel. 
Advances in Bessemer practice, par- 
ticularly instrumentation, are dealt 
with more briefly, as are several sig- 
nificant developments in pit practice. 


The Bessemer Process 


The principal advances in Bessemer 
practice in the past decade have been 
in the direction of larger vessels of im- 
proved design, added instrumentation 
for operational control, and certain 
modifications in the method of blowing 
designed to improve the quality of the 
finished steel. 

Converter Design. A definite trend 
is developing toward construction of 
larger converters. Where previously 30 
tons was considered the maximum 
practicable size, new installations based 
on 40-ton vessels are now under con- 
tract. In one instance the shape of 
existing 25-ton vessels has been altered 
to accommodate a charge of 38 tons at 
normal bath depth. In Europe, con- 
verters of 50 to 60-ton capacity have 
been operated successfully, but these 
are basic-lined in contrast with the 
acid-lined converters used in this 
country. The limit of converter size 
has not been definitely established but 
appears to be restricted only by eco- 
nomic considerations and the extensive 
changes to supplementary facilities that 
would be required with larger units. 

Control of the Blow. Control of the 
Bessemer blow traditionally has de- 
pended on the skill of the individual 
operator in his judgment of tempera- 
ture, end-point, afterblow and other 
factors. Two devices have now been 
established as useful adjuncts to the 
blower's eye in detecting significant 
changes in the Bessemer flame. One 
of these, the spectroscope, measures 
flame radiation in a localized area at 
the base of the flame near the con- 
verter mouth. The approach of the 
end-point is shown by the flickering of 
certain characteristic, bright spectral 
lines or bands, which completely dis- 
appear when the end-point is reached. 

The second accepted system for con- 
trolling the end-point is the photocell 
flame control or “electric eye”. This 
apparatus includes a_ light-sensitive 
photronic cell positioned to pick up 
radiations from the converter flame, an 
amplifying system for multiplying the 
output of the light-sensitive cell, and an 
indicating and recording device. 

In both these methods, the observer 
must have good color perception. Ac- 
curate control results in greater uni- 
formity from blow to blow and im- 
proved quality of the finished steel. 


Supplements the six articles on 
steel melting, pages 320 to 337 of 
the 1948 ASM Metals Handbook 
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Reliable instrumental means for de- 
termining temperature in the converter 
are not yet developed in this country. 
In Europe, however, it is common prac- 
tice to measure the temperature of 
Thomas (basic) converter steel with 
portable immersion thermocouples in- 
serted into the vessel after turndown. 

Control of Nitrogen and Phosphorus. 
One of the major factors contributing 
to the decline of the acid Bessemer 
process has been the adverse influence 
of relatively high contents of nitrogen 
and phosphorus in the steel. This has 
led to studies of new techniques for 
eliminating these elements while pre- 
serving the many advantages of pneu- 
matic refining processes. 

As nitrogen finds its way into the 
steel by absorption from the air blast, 
two possible means of holding it to a 
minimum are indicated: (1) decreasing 
the proportion of nitrogen in the air 
blast by adding high-purity oxygen, 
and (2) surface blowing, in which a 
large part of the blast impinges on the 
surface of the metal, and does not 
actually pass through it. High phos- 
phorus probably requires a fundamen- 
tal change in practice from acid to 
basic and a slag sufficiently basic to 
hold the phosphorus. This in turn 
would require a change from acid 
(siliceous) to basic refractories (mag- 
nesite or dolomite) for the vessel lining. 
Adequate control of both nitrogen and 
phosphorus will probably be attained 
through utilization of high-purity oxy- 
gen for refining molten iron in basic- 
lined converters. 


The Basic Open Hearth Process 


Although the fundamental principles 
of metallurgy and operation of the 
basic open hearth furnace have re- 
mained unchanged since the early 
Siemens-Martin furnaces were built, a 
more thorough understanding of these 
principles by operating personnel has 
increased the speed and efficiency of 
open hearth production during recent 
years. Prior to the second World War, 
there was a constant effort to improve 
design, refractory life, and fuel effi- 
ciency. Since 1940 furnace operators 
have been called on to produce larger 
tonnages from existing equipment. This 
increased production was achieved 
through the use of deeper baths and by 
certain necessary changes in practice. 
Postwar construction in new furnaces 
and plants, however, has brought a 
more efficient design of furnace with a 
long shallow bath, rapid charging and 
maximum fuel input. 


Furnace Construction. The rapid in- 
crease in the steelmaking capacity of 
the country in the past few years has 
been accompanied by an even greater 
rise in the average capacity of furnaces 
While the total annual capacity of open 
hearth furnaces at 109 million net tons 
on January 1, 1954, was nearly 30°: 
higher than in 1945, the average ca- 
pacity of these furnaces per heat had 
been increased 37%, to approximately 
160 tons. Despite the many new fur- 
naces built since the war, the total 
number of open hearths had been re- 
duced to 934 at the beginning of 1954, 
from 990 in 1945. 

Most furnaces built today range in 
size from 200 to 300 tons and tap into 
one ladle; the bath is approximately 30 
in. deep; hearth areas are from 800 to 
1100 sq ft. A number of furnaces are 
now operating with 300 to 550-ton ca- 
pacity and tap into two ladles through 
a bifurcated spout. 

Some of the most significant ad- 
vances in furnace construction have 
been directed toward improving com- 
bustion efficiency, and in the judicious 
use of basic brick in both ports and 
bulkheads, as well as in the furnace 
walls. Silica brick continues to be the 
best. for roof construction Bottoms 
are now either fully or partially rammed 
with high-magnesia refractory mixes. 
Such material has shortened the time 
required to install new hearths by as 
much as two weeks. Quick repairs to 
bottoms and slopes are made with 
rammed and gun-mix materials. 

Raw Materials Handling and Me- 
chanical Aids. Some bulk refractories 
and deoxidizers are now packaged in 
paper bags of convenient size. Bricks 
and bags are palletized and handled by 
lift trucks. Sizable bath and ladle ad- 
ditions are brought to the furnace by 
small trucks or other mechanized equip- 
ment. Some plants are equipped with 
elevators to bring stock or refractories 
up to the floor level. 

A dolomite gun is used to make the 
back wall. Banks are made up, and 
spill cleaned from the floor, with the 
aid of diesel-driven buggies and bull- 
dozers. Checkers are blown regularly 
with air or steam or washed down with 
special solutions. Flue dust is removed 
by a vacuum system. 

Electric buggies and small cranes are 
being used on the pouring platform in 
some shops to assist in handling the 
heavy caps for rimmed and “bottle- 
top” steel. 

Types of Charge. The following types 
of charge are now being used in open 
hearth practice: 

1 Conventional: raw limestone, scrap 

and hot metal 

2 High metal ore charge: raw limestone, 

ore, scrap and hot metal 

3 Blown metal: raw limestone, scrap 

and blown metal 

4 Duplex: burnt lime and liquid metal 

5 Cold charge: burnt lime, scrap and 

cold iron 


Charging. In shops where ore is 
charged, a low-silicon iron is preferred 
in order to keep both the required 
limestone and the resulting slag volume 
low. A large flush is most desirable to 
obtain maximum effect of the available 
lime. For best results, the oxides 
charged must be of optimum size, low 
in silica and combined moisture. Where 
good natural ores are not obtainable, a 
good grade of sinter is used. 

Open hearth design necessarily re- 
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Stricts operations to door-by-door front 
charging of scrap, in contrast to top 
charging in electric furnaces. To speed 
the charging, scrap is prepared so as to 
increase its unit weight by shearing, 
torch cutting or baling. Charging boxes 
are larger than formerly, with capaci- 
ties between 40 and 60 cu ft. Special 
switches and lifts for individual fur- 
naces are in use to accelerate delivery 
of the charge to furnaces. Furnace 
doors are larger. 

Stepped-up scrap charging schedules 
reduce temperature loss and hasten 
melting. Melting is accelerated in 
some shops by a higher heat input 
through oxygen enrichment of the 
combustion air. Combination burners 
equipped for gas, oil or tar and oxygen 
are used in many shops. Flame tem- 
perature is further increased by raising 
the temperature of regenerated air. 

Furnace Instrumentation and Con- 
trol. Automatic control by furnace in- 
strumentation increases production and 
efficiency with lower cost in fuel and 
refractories. The following are com- 
monly used: automatic fuel-air ratio 
control, automatic reversals based on 
checker temperature or time, roof tem- 
perature control, and furnace pressure 
control. 

With the help of such instruments, 
the furnace can be operated at a slight 
positive pressure, thus preventing infil- 
tration of cold air at the wicket holes 
and doors, and minimizing heat losses 
from the furnace proper. The instru- 
ment panel is equipped with a bath 
temperature dial and chart in addition 
to the usual meter equipment for indi- 
cating and recording the flow of oil, 
gas, oxygen, steam and water. 

New techniques have been developed 
recently for measuring air temperature 
in the uptakes, and in analyzing fur- 
nace and flue gases. These, together 
with studies of pressure, flow and 
velocity of gases and their relation to 
throat area, have done much to maxi- 


mize production and minimize con- 
sumption of fuel and refractories. 
Metallurgical Control Factors. To 


produce a low-sulfur steel with normal 
fluctuations in hot metal and scrap, a 
high lime-silica ratio must be main- 
tained. On charges high in hot metal, 
the amount of free lime depends on 
whether a good flush is obtained. The 
flush naturally rids the charge of a 
large quantity of silica before the lime 
reaction, thus making more lime avail- 
able for removing sulfur and phos- 
phorus, with a minimum of limestone 
charged. 

Slag control is now made more effec- 
tive by spectrographic checking of the 
lime-silica ratio. While there probably 
have been no recent advancements in 
slag control as such, the reactions are 
much better understood, and _ this 
knowledge is more widely used. 

Heats are worked down in carbon by 
ore or oxygen or both. Oxygen is used 
also to help increase the temperature 
at various stages of the operation, in 
bringing up the lime, shaping up the 
slag and bringing the heat to proper 
tapping temperature. Oxygen is intro- 
duced into the bath through a “lance” 
‘a “,-in. pipe, 20 ft long) through the 
wicket hole in one or more of the doors. 
Outlets with pressure gages and safety 
valves are set up at each furnace. In 
some shops, more than one lance of 
larger diameter is used. To prevent 
blocking the charging tracks, some in- 


Stallations use water-cooled jets in- 
serted through the back wall. 

Both the carbometer and combustion 
methods are used for preliminary car- 
bon determinations. Sulfur analysis by 
the combustion method saves consider- 


able time. Residual alloying elements 
are determined by the spectrograph, 
often of the direct-reading type. 

The temperature of the bath is 
checked by immersion pyrometers dur- 
ing the process, as an aid to removal 
of sulfur and phosphorus, and in con- 
trol of decarburization and deoxidation. 
The principal use of the immersion 
pyrometer, however, is to establish an 
optimum tapping temperature for the 
various grades, and to duplicate that 
temperature from heat to heat. 

When the heat is ready to tap, the 
hole is dug out and a “bazooka” jet 
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tapper is placed in the tap hole. This 
directed explosive charge breaks through 
about 14 in. of tap hole material to 
open the heat. Those operators using 
the jet tapper report faster taps, hot- 
ter heats, and straighter tap holes with 
no ridge. 

Ladle and Pouring Practice. Several 
advances have been made in the han- 
dling of open hearth steel in the pit. 
The use of “bottle-top” molds, elliptical 
ladles and power stoppers, as discussed 
under Ingot and Pouring Practice, be- 
low, are examples. 

In the pouring of rimmed steel, shot 
aluminum and sodium fluoride addi- 
tions to the molds are helpful in con- 
trolling the rimming action. Silicon 
carbide is often used in the ladle in 
place of aluminum, for rimmed and 
mechanically capped steels. Nitrogen 
compounds are being added to increase 
the yield strength of sheets, tinplate 
and pipe. 

Many plants are set up for the cool- 
ing, cleaning and conditioning of all 
molds. Molds for wide strip mill slabs 
are being made wider, thinner, and 
higher, because thinner ingots show 
less segregation. Such ingots require 
more edgework and thus produce a 
sound edge on the rolled slab. Some 
plants are pouring rimmed ingots as 
high as 90 in. Mechanically capped 
steel is poured to 95 in. Fluted molds 


have been found to give better surface 
on certain applications 

Statistical Analysis of operating vari- 
ables has come into more extensive use 
for maintaining both metallurgical and 
production control of surface quality, 
interior cleanness, mechanical proper- 
ties and other variables. 


Basic Electric Furnace Melting 


During the last decade, larger fur- 
naces, top charging, and maximum rate 
of energy input have combined to in- 
crease unit production and make the 
electric furnace an important factor in 
the manufacture of plain carbon steels, 
thus extending its field beyond that of 
special alloy and stainless steels. Other 
significant improvements in design such 
as induction stirring and automatic 
power factor control speed the process, 
increase efficiency, and improve quality 

Perhaps the most outstanding devel- 
opment has been the use of gaseous 
oxygen in melting stainless as well as 
carbon and normal alloy steels. Note- 
worthy also are the advances in con- 
trolling hydrogen. Although the dis- 
cussion here refers primarily to basic 
melting, many of the remarks on design 
apply equally well to acid furnaces. 

Furnace Design and Construction, In 
1930, electric furnace builders began to 
design furnaces so they could be 
charged from the top by removing the 
roof, thus introducing the entire charge 
at one time from a large drop-bottom 
bucket. It was not until 1950 that fur- 
naces of 20-ft shell diameter or larger 
were top-charged. During the second 
World War a number of large door- 
charge furnaces were installed, of 
which only a few were equipped with 
transformer capacities up to 17,000 kva 
Some of these have since been con- 
verted to top charge, and provided with 
transformers of larger capacity. Top 
charging is now common on large new 
units having transformer capacities up 
to 35,000 kva. 

It appears that the limiting size has 
not yet been reached. Two furnaces 
with 22-ft diam shells were installed in 
1952, and two 24'.-ft units (nominal 
holding capacity, 180 tons) are under 
construction in 1954. 

Several of the larger high-powered 
units use 24-in. graphite electrodes, 
with the rotating type of electrode con- 
trol and the familiar winch. In repo- 
sitioning electrodes in holders, remote- 
controlled clamps, operated from the 
floor, can now eliminate the undesirable 
manual work on top of the furnace 

Induction stirring of the bath is a 
noteworthy development, which started 
in Sweden in 1936 and was first applied 
commercially in 1947 on a 15-ton fur- 
nace. Another was installed in 1948, 
followed by four more in Sweden. In 
the United States, the first unit has 
now been in operation for more than 
a year on a 20-ft furnace, and a second 
of similar size is under construction 

Electrodynamic force stirs the bath, 
through a device best described as a 
section of the stator of a large poly- 
phase motor. It combines a magnetic 
yoke with two coils connected to form 
a two-phase winding with two electri- 
cal poles. When mounted under the 
furnace it forms, with the metal bath, 
what amounts to an induction motor, 
in which the moving magnetic field 
penetrates the nonmagnetic furnace 
bottom plate and refractory lining into 
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the bath. The low-frequency current 
is one cycle per second or less. When 
power is supplied to the coils by a two- 
phase a-c generator, current is induced 
in the molten metal, resulting in a 
mechanical force which causes the 
metal to flow along the bottom in the 
direction of the moving field, then up 
along the lining and back over the sur- 
face. By reversing the current in one 
of the coils, the direction of travel of 
the magnetic field is reversed, and thus 
the stirring is reversed 

The induction stirrer provides a suit- 
able method of mixing the characteris- 
tically inactive bath in the later stages 
of the operation 

Furnace Control. Automatic power 
factor control is now in use on the 
newer furnaces. The heating capacity 
of a furnace varies directly with the 
current input up to a certain point, 
beyond which additional input reduces 
the useful energy and increases the kva 
demand. The optimum. power factor is 
between 0.75 and 0.80, varying some- 
what with each furnace. The control 
system is designed to hold the energy 
input at this point, and thus to keep 
the electrical efficiency at a maximum 

Melting Practice. A most important 
development in electric furnace melt- 
ing practice is the use of oxygen in the 
manufacture of carbon and normal 
alloy steels, but its greatest value is 
for stainless steels. It accelerates op- 
eration, and to some extent decreases 
power consumption and increases the 
life of furnace linings. Oxygen-manu- 
facturing systems of sufficient capacity 
to maintain a steady flow at suitable 
pressure have been installed in most 
plants 

Oxygen is introduced into the bath 
through a “lance”, a 's to 1l-in. iron 
pipe, attached by hose to the main 
supply line. The hose and all fittings 
must conform to rules governing the 
safe use of oxygen, and the lance must 
be free from any grease or dirt. The 
lance is placed through the furnace 
door opening with its end through the 
slag but not into the metal. Thus, the 
oxygen is made to impinge on the metal 
at the slag-metal interface. 

Oxygen Treatment of Carbon and 
Normal Alloy Steels. An active carbon 
boil in the oxidizing period is usually 
necessary to reduce the sulfur, elimi- 
nate gases and produce clean steel. To 
obtain these results, enough carbon is 
added in the charge to assure an active 
boil, allowing the carbon to fall to the 
desired point The carbon may be 
added in pig iron, anthracite, petroleum 
coke or other carbonaceous materials, 
preferably low in sulfur. In addition, 
sufficient lime is added in the charge 
or during melting to form a basic slag. 

The oxidizing period starts with the 
melting of the charge and ends only 
when the heat is slagged off or, in 
single slag practice, when completely 
melted and ready to be shaped up for 
tapping. Practices vary in the use of 
gaseous oxygen. Some operators prefer 
to use it without the aid of other 
oxidizing agents, such as ore; less lime 
is then required to maintain a_ basic 
slag, since no acid oxides are being 
introduced from ore. On the other 
hand, with a high-carbon bath, de- 
carburization with ore is fast so that 
possible improvement with oxygen is 
small. Furthermore, the iron value 
obtained from ore may compensate for 
the disadvantage of larger slag volume. 
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Thus, when ore or mill scale js used in 
the charge, less gaseous oxygen 1s re- 
quired, Oxygen is sometimes conven- 
ient to melt fringe scrap around the 
edges and to raise the temperature of 
the bath. 

Oxygen Treatment of Stainless Steel. 
Before gaseous oxygen came into gen- 
eral use, the conventional method of 
producing stainless steel was from a 
virgin scrap melt—that is, a charge of 
virtually plain-carbon steel scrap. Prob- 
lems involved with revert stainless 
scrap in the charge were quite serious; 
one of them was the difficulty in ob- 
taining and holding low carbon con- 
tents. Practices using excessive amounts 
of ore or mill scale in the charge for 
carbon reduction in the presence of 
high chromium achieved reasonable 
success, but all raw materials had to be 
selected with extreme care and melting 
procedure had to be very closely con- 
trolled. In the production of 0.08% 
max C, it was usually not practical to 
have much revert stainless scrap in the 
charge. 

With gaseous oxygen large amounts 
of revert scrap can be used in the 
charge and stainless grades of less than 
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Fig. 1. Bottle-Top Mold 


0.03% C can be produced. It has long 
been recognized that to decarburize a 
bath containing a high percentage of 
chromium, an extremely high tempera- 
ture is required if high chromium is to 
be maintained at the low carbon level 
Oxygen is an easy means of producing 
that high temperature. The essential 
relations among carbon, chromium and 
temperature have been developed (D. C 
Hilty, Proc Elec Purnace Conf, AIME, 
1949). 

The lance used for introducing oxy- 
gen into a stainless bath is usually pro- 
tected with either a refractory covering, 
or it is water cooled, to conserve the 
pipe and to assure an uninterrupted 
flow of oxygen for an extended period 

Minor variations in practice which 
have not been precisely evaluated are 
the use of ore or mill scale in the 
charge and the starting of the oxygen 
blow either before or after melting is 
complete. 

In order to insure best recovery of 
chromium, sufficient lime must be added 
to form a strongly basic slag The 
power is usually turned off and the 
electrodes raised when the oxygen blow 
is started. The slag formed during 


the oxidizing operation will contain 
a substantiah amount of the oxides 
of chromium, manganese and iron. To 
recover these elements the slag 1s 
treated with reducing agents, usually 
ferro silicon, or ferro chromium silicon. 
Aluminum also may be used, either 
alone or in combination with the other 
deoxidizers. The excess slag formed 
during reducing is partially or com- 
pletely removed, after which a second 
reducing slag is formed with lime and 
crushed silicon to protect the bath 
while the heat is being finished. Every 
precaution is taken to avoid carbon 
pick-up. 

In the melting of 0.03°7 max C stain- 
less steel, stainless scrap is seldom used 
in the charge. It is difficult to lower 
carbon below 0.03°% with a high-chro- 
mium. charge, and the recovery of chro- 
mium from the slag is extremely diffi- 
cult after the very high degree of oxi- 
dation necessary. 

Control of Hydrogen Stainless 
Steel. During melting, stainless steels 
may absorb hydrogen, leading to what 
is known as bleeding or gaseous ingots. 
Gas may be absorbed during the re- 
ducing or finishing period of the heat, 
and can be observed by box samples 
taken from the furnace. Hydrogen may 
come from moisture in the charge ma- 
terials, leaks in the furnace cooling 
system, or from high humidity in the 
atmosphere, 

Both argon gas and dry air are effec- 
tive for purging hydrogen from the 
bath. Argon is introduced through an 
iron pipe lance held close to the bot- 
tom of the bath, and is bubbled through 
the bath until the gaseous condition 
has disappeared, as indicated by pe- 
riodic box sampling of the bath. Dry 
air having a dew point of -25C (- 14 
F) gives comparable results when intro- 
duced in similar manner. 

Pouring Practice. As in the open 
hearth, one of the most important de- 
velopments in pouring practice is the 
power stopper, discussed below. 


Ingot and Pouring Practice 


Ladle Practice. The conventional 
stopper rigging on bottom-pour ladles, 
even on the very large ones, is simply 
a mechanical slide carrying a goose- 
neck, to which the stopper rod is 
attached. The slide is operated by a 
simple lever in the hands of the steel 
pourer. Obviously such control on 
large ladles is laborious and for that 
reason alone can be subject to consid- 
erable variation. For this and other 
reasons, power-driven devices for oper- 
ating the stopper and controlling the 
pouring of steel from bottom-pour la- 
dies have found favor both in open 
hearth and basic electric practice. 

The best known power device now 
in use, called the “autopour”, consists 
essentially of a hydraulic cylinder 
which can be quickly attached to the 
ladle after the heat has been tapped 
and when it is ready to be poured into 
molds. The piston rod of this cylinder 
engages the stopper slide so as to im- 
part an up-and-down motion to it, and 
the cylinder itself is actuated by two 
hydraulic lines from a motor-pump unit 
carried in the cab of the ladle crane. 
The steel pourer operates the mecha- 
nism from his usual station on the 
pouring platform, either by a push- 
button control suspended from the 
crane cab, or by a small control lever 
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operating a valve at the base of the 
cylinder. 

Because of the increase in size of 
individual ladles in some open hearth 
plants, a ladle of elliptical shape has 
permitted a shallower construction, 
thus reducing the ferrostatic head 
without decreasing the necessary ladle 
volume. It is interesting that many of 
the original ladles, of much smaller 
volume, used in the crucible practice 
of earlier years, were also of elliptical 
shape—for a different reason, however, 
that of fitting them into the narrow 
ladle carriages which were in vogue at 
that time. 

Ingot Practice. In the pouring of 
semi-killed basic open hearth steel, 
“bottle-top” molds have come into use. 
As the name indicates, the mold has 
the big end down, with the top closed 
except for a short open neck, resem- 
bling the neck of a bottle, and designed 
to carry a metal cap (Fig. 1). The steel 
is partially deoxidized with aluminum 
or silicon carbide in the ladle, and alu- 
minum shot is added in the molds to 
produce a rising steel. After the ingot 
has been poured, a heavy cap is placed 
over the opening in the top of the mold, 
and the rising steel then freezes against 
this top, thus minimizing segregation 
and shrink cavity. 

Considerable work has been done 
toward improving hot top practice on 
killed steels. New exothermic and non- 
carbonaceous covering materials have 
been devised to assist feeding of the 
conventional type of brick or brick- 
lined hot top. In addition, methods 
have been developed for keeping the 
metal in the top portion of the ingot 
entirely molten during the feeding pe- 
riod by means of either an electric arc 
or a gas torch. Either of these methods 
can- increase the yield and the sound- 
ness of ingot tops. When the arc is 
used, it is common practice not to use 
a refractory top. When a gas torch is 
used, a refractory top contains the 
liquid reservoir. 


Continuous Casting of Steel 


The continuous casting of large 
quantities of steel into relatively small 
“billets” has attracted steel makers for 
many years, because it would eliminate 
the expensive blooming or cogging 
equipment involved in breaking down 
large ingots. Also inherent in the 
method is the improvement of the 
yield of good billets by eliminating the 
top discard necessary with conven- 
tional ingots, and the scaling and crop 
losses associated with an additional 
hot working operation. 

Continuous casting of nonferrous 
metals is conventional practice, as de- 
scribed in the aluminum, copper and 
magnesium sections of the 1948 Hand- 
book. Technical problems with ferrous 
alloys are greater because of the higher 
temperatures and the lower heat con- 
ductivity of steel. For these reasons, 
the continuous casting of steel is still 
in the development stage although 
several machines are now being built 
for commercial production. 

The earliest work is often credited to 
Sir Henry Bessemer, who is reputed to 
have cast iron between moving rolls as 
early as 1858. The voluminous patent 
literature reveals two basic methods of 
operating: first, with the mold moving 
with the metal, such as split molds on 
an endless chain or rolls moving in the 


direction of pour; and, second, with the 
metal moving through the mold. The 
latter system, in which the mold is re- 
ferred to as “fixed”, has been the sub- 
ject of the most recent engineering 
effort. Most systems involve continuous 
operation, provided a continuous source 
of molten metal can be maintained. 
Equipment. As shown in Fig. 2, the 
fixed-mold machines have the same 
basic elements: a source of molten 
metal, which may be a furnace or a 
ladle, delivering large quantities of 
steel at controlled temperature and rate 
to a tundish which regulates and dis- 
tributes the molten streant to the mold, 
which is a bottomless water-cooled 
shell, either stationary or oscillating 
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The casting emerging from the mold 
can be further cooled by air and water 
sprays before it passes through the 
withdrawing rolls to the cutting device. 

Operation. In a typical continuous 
casting machine, the metal reservoir 
can be an induction furnace, but an 
insulated, heated ladle preferred. 
The metal is held and poured within a 
narrow temperature range determined 
by the limits of nozzle freezing on the 
low side and by refractory damage and 
casting breakouts on the high side. 
Side-poured or bottom-poured tun- 
dishes are of simple design and can be 
equipped for automatic control of flow 
rate. A bottom-poured tundish helps 
prevent passage of slag to the mold, 
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but nozzle design is a limiting factor. 
Fused zirconia has worked well in this 
location 

Molten metal in the tundish and 
mold is protected from oxidation by a 
prepared atmosphere, obtained by burn- 
ing a gas such as propane. The molten 
metal passes to the mold, which is 
generally made of copper for effective 
water cooling, with the inside surface 
chromium plated for wear resistance. 
In the Rossi-Junghans machine, the 
short (24-in.) mold is reciprocated by 
lowering for about ™% in. at a rate syn- 
chronized with the speed of the with- 
drawing rolls and then snapping back 
to its original level by a spring and 
cam arrangement. Stationary molds 
are generally longer than the Rossi- 
Junghans design. 

To start the pour, a dummy bar of 
conforming shape is positioned in the 
mold and held by the withdrawing 
rolls. The initial freezing takes place in 
the upper few inches of the mold form- 
ing a solid shell which shrinks away 
from the water cooled mold. Aided 
by mold lubrication, the casting moves 
steadily out of the mold at a rate 
determined by the speed of the pinch 
rolls which both support and withdraw 
the casting. Between the mold and 
the pinch rolls, water and air sprays 
complete the cooling required for solid- 
ification. Below the rolls, the casting 
is cut with a torch; a rapid and sure 
cutoff method is essential in continuous 
operation. It is obvious that the center 
must be solid before cutting, as the 
system from the mold down could be 
drained of molten metal were the cen- 
ter not entirely frozen. Casting rates 
vary from 5 to 20 tons per hr, depend- 
ing on size and composition, and this 
rate Can probably be increased by run- 
ning two or more sections simulta- 
neously in the same machine. 

Product. Sections cast may be round, 
square, oval or rectangular. Although 
the size limitations have not been de- 
termined, square sizes from 2 by 2 in. 
to 12 by 12 in. have been cast, as well 
as Slabs of 3 by 15-in. cross section. A 
wide variety of compositions in stain- 
less steel, alloy steel, tool steel and 
carbon steel have been produced ex- 
perimentally, all as killed steels. Suc- 
cessful operations have been reported 
on rimmed steel also. Grain size is 
somewhat finer than in regular ingots, 
and the surface obtained by proper 
operation requires no more condition- 
ing than rolled billets. 

Application, The direct economic ad- 
vantage is increase in yield; as the 
billet or slab yield is over 95% of the 
molten metal, the gain is considerable. 
When blooming equipment is inade- 
quate, the continuous casting machine 
would usually cost less than a modern 
blooming mill to produce sizes which 
can be continuously cast. Thus, while 
the larger integrated producer may be 
interested only in the increased yield, 
the smaller producer may find con- 
tinuous casting an economical substi- 
tute for blooming equipment. 


Vacuum and Atmosphere 
Melting 


The control of pressure and compo- 
sition of the gas over a melt permits 
deoxidation with carbon or hydrogen to 
give gaseous deoxidation products, and 
thus avoids inclusions originating in 
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the deoxidation process. Through the 
removal and exclusion of nitrogen, 
nitrides and carbonitrides may be elim- 
inated from the microstructure of many 
steels and high-temperature alloys; and 
the prevention of oxidation losses per- 
mits very close control of composition- 
sensitive alloys. The improvements in 
physical and mechanical properties of 
some steels which result from such 
treatment are creating a demand for 
vacuum melting capacity in the United 
States. Production is still limited to 
% and '2-ton operations, but units for 
melting more than 1 ton are planned. 

Vacuum furnaces have been heated 
by arc, resistance, gas and induction 
methods, but only the latter has been 
used on any sizable scale for steels. 
The high-frequency induction unit op- 
erates independently of pressure, and 
size of the unit is not limited by struc- 
tural supports. It also minimizes the 
refractory problems, while allowing 


immersion Thermocouple 


Sight Glass t Addition Buchet 


picked up by the bath, and the soften- 
ing temperature is lower than for an 
electrically fused magnesite. The use 
of a magnesia lining in vacuum does, 
however, introduce a problem not en- 
countered in open melting: At low 
pressures, liquid iron reduces MgO, to 
form magnesium vapor and dissolved 
oxygen. 

Vacuum melting has often been em- 
ployed simply as a carefully controlled 
remelting operation for very pure ma- 
terials but it is more generally useful 
when a refining stage is incorporated. 
The principal refining action is the 
removal of oxygen, nitrogen and hy- 
drogen, and of carbon when very low 
carbon is desired, as in some stainless 
steels. The elimination of nitrogen and 
hydrogen involves only a simple appli- 
cation of vacuum, since the nitrides 
and hydrides have low dissociation 
pressure, and the gases may be pumped 
off until their concentration reaches 


Fig. 3. Stationary Tank-Type Furnace for Vacuum Melting of Steel 


melting temperatures up to 3800 F, and 
can be used with a cold vacuum tank. 

For these reasons, the vacuum melt- 
ing furnace for steel is of the high- 
frequency induction type, enclosed in a 
tank which is evacuated by a suitable 
pumping system and in which are in- 
corporated vacuum seals through which 
the mechanical and electrical operation 
of the melting unit is accomplished. 
An early form of furnace, illustrated on 
page 333 of the 1948 Handbook, con- 
sisted of a vacuum tank containing an 
induction coil and crucible which were 
fixed within it and poured by tilting 
the whole tank. With the necessity for 
operation at much lower pressure and 
with increasingly larger melts, the use 
of a coil and crucible assembly which 
tilts within a stationary tank has be- 
come much more common. Figure 3 
shows such a stationary tank-type fur- 
nace with its electrical and pumping 
systems. An advanced form of such a 
furnace (U. S. Patent 2,625,719) incor- 
porates vacuum locks to permit charg- 
ing of raw materials and discharging 
of ingots without exposing the melting 
crucible to the atmosphere (see Metal 
Progress for Sept and Oct, 1953). 

The electrical frequency depends on 
the size of the unit, as in open furnaces, 
10,000 3,000, and 960 cycles being used 
over the size range of 30 lb to 1 ton. 
Basic linings or crucibles have been 
more common in vacuum melting. Al- 
though the acid hearth has better ther- 
mal and physical properties, silicon is 


equilibrium. Ferrous metals cannot be 
deoxidized in this manner because the 
dissociation pressure of iron oxide is 
much too low. Deoxidation reactions 
which result in gaseous products may 
be used, particularly the reactions of 
carbon and hydrogen with oxygen. 

Deoxidation with carbon is also very 
important in the control of carbon con- 
tent of steels, since there may be a 
marked reduction in carbon content by 
the deoxidation reaction and by re- 
action with the lining. Another con- 
trol problem is created by the volatility 
of certain alloying elements such as 
manganese, aluminum and chromium, 
which may cause high losses if the 
additions are made under high vacuum. 
These losses are minimized by the pres- 
sure of an inert gas during addition. 

When the steel is deoxidized and 
alloyed properly, a very clean and satis- 
factory product is obtained, even in 
certain steels that are notoriously dirty 
when manufactured by conventional 
methods, and in other steels for special 
uses in which higher cleanness is re- 
quired than acceptable under present 
standards. Of course, as in ordinary 
operations, exogenous inclusions must 
not be introduced from the furnace, 
nozzle or hot top refractories, during 
the tapping operation. The problems 
of the ingot which involve heat trans- 
fer and solidification mechanism are 
essentially independent of the pressure 
variable and hence similar to those of 
open practice. 
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Selection of Methods 
for Nondestructive Inspection 


By the ASM Committee on Nondestructive Inspection 


THE 1948 Metals Handbook describes 
seven methods of nondestructive in- 
spection. This article compares the 
methods and deals with the selection 
of one or more methods for specific 
purposes. 

In selecting a nondestructive test, 
the goal should be to select the method 
or combination of methods which pro- 
vides the lowest cost inspection per 
unit and simultaneously evaluates re- 
liably the necessary quality character- 
istics of the units involved. This is the 
ultimate criterion for selecting the most 
suitable methods and devices. 

The physical principle of a test di- 
rectly determines its applicability to a 
particular testing problem. Greatest 
emphasis should always be placed on 
technical applicability of a method, as 
indicated by an understanding of its 
physical principle, rather than on cost 
or convenience. The least expensive 
or most convenient test is not always 
the best. Confidence in the technical 
integrity of the method and the test 
operator is more important than low 
cost and extreme simplicity of proce- 
dure and equipment. 

Table I shows typical “quality char- 
acteristics” of metals or metal products 
which can be evaluated nondestruc- 
tively under favorable circumstances. 
These are the characteristics ‘(either 
properties or defects) which contribute 
to or detract from satisfactory per- 
formance in service. Table I does not 
explicitly recognize a multitude of con- 
ditions observable by ordinary visual 
examination, although this is the most 
common method of nondestructive in- 
spection. Table I is limited to those 
qualities most frequently and success- 
fully evaluated in routine, production 
inspection. Excluded are qualities re- 
quiring tests so delicate or complicated 
that laboratory personnel or surround- 
ings are needed. 

Selection is further narrowed by the 
factors listed in Table II. Considered 
separately and collectively, these fac- 
tors may either define the special ap- 
plicability of a test or indicate a lim- 
ited or complete nonapplicability. Fur- 
ther details such as metallurgical his- 
tory or a drawing or photograph of the 
metal product are usually available. 
In addition, such factors as inspector 
training, the quantity of items to be 
tested, cost of test equipment and its 
operation, as well as time consumed in 
testing, should be considered. 

Table III lists the available nonde- 
structive tests in accordance with dif- 
ferences in testing principles. Only 
well evaluated methods are included. 
Brief descriptions follow. 


Supplements the Nondestructive 

Inspection Section of the 1948 

ASM Metals Handbook, pages 141 
to 158 


Penetrating Radiation 


Radiography. Details of this widely 
used method are available from many 
sources. The 1948 Handbook treats the 
basic principles on pages 141 to 145. 
Penetrating radiation used in radiog- 
raphy is limited to beta rays ‘high 
speed electrons), gamma rays, X-rays, 
and (recently) neutrons from portable 
sources. Alpha radiation has such a 
short penetrating range that it is usu- 
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ally impractical for industrial use. Dur- 
ing the past few years, radio-isotopes 
suitable for gamma radiography have 
become available; detailed information 
on availability can be had from the 
Isotopes Div., AEC, Oak Ridge, Tenn. 

Gaging with penetrating radiation is 
finding wide use for evaluating the 
total thickness of objects, thickness of 
thin coatings or deposits such as paint 
or electroplate, exploring or automatic 
scanning for discontinuities or gross 
inclusions in test objects, for chemical 
or structural evaluation by absorption 
or diffraction effects, and locating or 
gaging the heights of liquids or solids 
in closed vessels. 

The requirements for gaging are. 
selection of a suitable source of pene- 
trating radiation such as beta or gam- 
ma radio-isotopes, a suitable radiation 
detector which may be an ionization 
chamber, geiger counter tube, scintil- 
lation or crystal counter, and electrical 
equipment for indicating, evaluating or 
recording the radiation received. 


Sonic and Ultrasonic Methods 


The use of mechanical vibrations 
for nondestructive inspection logically 
divides into two fundamental classes. 
First, the generation of external me- 
chanical vibrations ranging from audi- 
ble frequencies up to 25 million cycles 
per sec, which are coupled to the part 
under test, with the part itself becom- 


ing simply a medium for transmitting 
the sonic or ultrasonic waves 

The second class of mechanical vibra- 
tion test requires that the entire test 
object vibrate as a whole when freely 
suspended and struck a single blow 
with a hammer. Resonant or natural 
vibrations occur which are characteris- 
tic of the material, its shape, method 
of fabrication, processing, and particu- 
larly the presence of gross defects. The 
damping or decay rate of these natural 
vibrations is also characteristic of 
physical and chemical properties of the 
material and can be used in inspection 
processes. 

Ultrasonic applications of this princi- 
ple employ the pulsed echo, resonance, 
through-transmission, immersion and 
other less familiar techniques. Wide 
industrial use has been made of ultra- 
sonic methods for detecting and locat- 
ing discontinuities or inclusions, evalu- 
ation of metal structure, and the meas- 
urement of thickness of objects from 
one side only. 

Damping. The natural vibrations of a 
part, as when struck by a single ham- 
mer blow, are utilized as a means of 
nondestructive inspection. The decay 
of the vibrations can be measured by 
ear or by simple electronic timers and 
is widely used as a qualitative inspec- 
tion method. Gross defects in castings 
may often be detected by the rapid 
decay of vibrations giving the charac- 
teristic dead sound after being struck 
with a hammer. By using vibration 
pickup microphones and elaborate elec- 
tronic amplifiers and filter networks, 
highly accurate sorting gages can be 
devised for production line inspection. 


Penetrant and Pressure 


Liquid Penetrant Inspection refers to 
the entry of a liquid into surface de- 
fects and the detection of this liquid 
when it seeps from these defects. By 
making the penetrant fluorescent to 
ultraviolet light or by the addition of 
a suitable coloring agent, this seepage 
is readily detectable. Frequently seep- 
age of the penetrant from fine defects 
is assisted by moderate heating of the 
part or is made more apparent by the 
application of a developer, which may 
be an absorbing, or a color-contrasting 
coating, such as chalk. 

Gas Penetrant. Electrical halogen 
detectors, or simplified mass spectrom- 
eters and other devices, have made it 
possible to assemble large pieces of 
equipment vacuum tight. Specifications 
may be written indicating the tolerance 
range for gas leakage Frequently 
liquid or gas penetrants are used to 
determine the necessity for impregna- 
tion of aluminum or magnesium sand 
castings for aircraft where gas or liquid 
seepage would be detrimental. Many 
simple techniques have also been used 
to detect gross leakage of a gas pres- 
sure differential; the soap solution is 
best known. 

Pressure Differential. Pressure test- 
ing, as the name implies, requires that 
a differential fluid pressure be applied 
between two surfaces of a part. The 
fluid may be liquid or gas and for 
evaluating mechanical properties de- 
tailed specifications are usually pre- 
scribed for the type of service intended 
or to meet certain proof load tests 
The reader is referred to boiler or 
pressure vessel codes and specifications 
for details 
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Magnetic and Electrical 
Testing Instruments 


Instruments for nondestructive 
spection using magnetic or 
principles have recently shown 
increase. Early instruments were not 
widely used because of a lack of recog- 
nition of the interferences which occur 
and too little information on tech- 
niques for reducing or eliminating 
these interferences. 


in- 
electrical 
a marked 


Table I. 


Soundness 
1 Flaws at or within 4% in. of the 

surface 

(a) Cracks or tears 

(b) Shrinkage cavities 

(c) Misruns 

(d) Inclusions 

fe) Porosity 

(f) Undercuts 

(g) Inadequate penetration 

(h) Incomplete fusion 

(1) Flakes or bursts 

(}) Folds, laps or seams 

(k) Laminations or cold shuts 

(1) Blisters, scabs or pits 

(m) Lack of bond 

2 Subsurface flaws 

(a) Cracks or tears 

(b) Shrinkage cavities 

(c) Misruns 

(d) Inclusions 


Magnetic Leakage. Magnetic lines of 
flux which deviate from the normal 
path due to the presence of defects in 
a part can be detected by a probe coil, 
magnetic particles, or other sensitive 
detectors. Variations in introducing 
the magnetic flux and in the design 
and use of the probe coil depend on 
the shape of the part being tested. In 
general the accuracy and _ sensitivity 
of the location of defects by the use 
of an external coil depend on many 
factors which require good technical 
knowledge and specialized coil design. 
Internal cracks in gun barrels have 
been successfully detected by using the 
magnetic leakage principle 

In magnetic particle methods, a 
magnetic field is induced in the part 
to be tested by the application of an 
electric current through the part or 
through a central conductor inserted 
through a hole in the part, or by 
means of a solenoid or coil. Any dis- 
continuity at or near the surface of 
the part will interrupt the magnetic 
flux induced in the part and a leakage 
field will be formed at the surface in 
the vicinity of the defect. Any mag- 
netic particles applied in the vicinity 
ol this leakage field will be attracted, 
forming a visible indication which, 
properly interpreted, indicates some of 
the characteristics of the defect. The 
part is subsequently demagnetized. 
Further details are given on pages 145 
to 149 in the 1948 Handbook. 

Core Loss. The transformer action or 
variations on the transformer effect 
probably account for the majority of 
test instruments in this general field. 
In core loss methods the part is fre- 
quently used as the core. The magnetic 
effects analyzed in ferromagnetic ma- 
terial are usually confined to the eddy 
current and hysteresis loss effects. 

Many variations of instruments based 
on measurements of core loss are avail- 
able. One of the most widely used is 
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described in the 1948 ASM Handbook, 
pages 153 to 155. 

Eddy Currents. 
is listed separately as it is frequently 


This magnetic effect 
useful for testing nonferromagnetic 
materials. The effect is essentially the 
same as a pure resistance to electric 
current, and defects, errors in analysis 
and other factors which affect the elec- 
trical resistance can be detected by 
magnetic eddy current analysis. 

D-C Potential Drop. Although this 
test finds little use in industry, current 


Typical Quality Characteristics Appraisable by Nondestructive Tests 


(e) Porosity 
(f) Inadequate penetration 
(g) Incomplete fusion 
(h) Flakes or bursts 
(1) Laminations or cold shuts 
B Mechanical Properties 
1 Hardness 
2 Miscellaneous structure-sensitive or 
Strain-sensitive properties, and sort- 
ing 
C Chemical Properties 
1 Carbon content 
2 Miscellaneous analysis and sorting 
D Dimensions 
1 Thickness 
2 Location or position of hidden com- 
ponents 
E Surface Roughness 


F Metallurgical Structure 


losses in a material or part can be 
measured by suitable probes. The cur- 
rent in the part can be produced by 
passing large direct currents through 
the part, as in the “rail detector”, or 
by placing the part in a strong mag- 
netic field. Transverse discontinuities 


Table If. Typical Factors in 


A Type of Material 
1 Ferromagnetic alloy 
2 Nonmagnetic light alloy 
3°) Nonmagnetic heavy alloy 
4 Nonconducting coating on metal base 
5 Nonmagnetic metal coating on ferro- 
magnetic metal base 
B Fabrication Method 
1 Cast 
2 Wrought 
3 Powder metallurgy 
4 Joined 
(a) Welded 
(1) Fusion welded 
(2) Forge welded 
(3) Resistance welded 
(4) Brazed 
(b) Soldered 
5 Electroplated or coated by other sur- 
face deposition technique 
C Thickness of Material 
1 Thin films 


may be readily detected by d-c poten- 
tial probes. 

Magnetic Attraction. 
use of magnetic attraction as a non- 
destructive test method is for the 
measurement of nonmagnetic coatings 
on magnetic objects or vice versa. A 
prior calibration is usually required for 
the particular coating being measured. 
Instruments of this type are widely 
used in the laboratory and for produc- 
tion control tests. Beta-ray reflection 
gages are being used increasingly be- 
cause of their speed and accuracy in 
production operations as discussed un- 
der gaging. 


The principal 


Tribo-Electric Effects. Static or elec- 
tric charges generated by friction are 
used to distinguish between dissimilar 
metals. The effect must be analyzed 
empirically. A dry powder method has 
wide application on ceramics and en- 
ameling for detection of fine cracks or 
other flaws. 


Optical Methods 


Visual inspection is the examination 
by eye with or without magnification 
aids up to 10 

Photo-electric. A natural extension 
of visual inspection is the use of photo- 
cell pickup. Under limited conditions 
photo-electric sorting can be combined 
with many other basic inspection meth- 


ods. Production inspection of trans- 
parent objects using photo-electric 
sorting has been used, for example, 


checking double reflection of automo- 
tive safety glass. 

Spectroscopic. Use of the portable 
spectroscope is mentioned on page 163. 
In experienced hands, analysis by vis- 
ual observation of spectra can be semi- 
quantitative, which is important in 
separating low-alloy compositions from 
carbon steels containing the same ele- 
ment in small residual amounts. 


Thermal Methods 


Thermo-electric. This effect is com- 
monly used for temperature indication 
by joining two dissimilar metals into a 
thermocouple. A new sorting instru- 
ment utilizes this principle. 

Temperature-Sensitive Material. This 
method covers the broad field of heat 
flow distortion by the presence of de- 
fects or inclusions. Many methods 
have been proposed for detecting this 


Selecting Nondestructive Tests 


2 Upto 20in 
3 Greater than 20 in. 


Shape of Piece 
1 Flat surfaces 
Simple curved surfaces 
Complex geometry 
4 Pipe, tubing and containers 


2 
3 


E Surface Condition 
1 As fabricated 
2 Coated with scale 
3 Machined or ground 
4 Shot or sand blasted 
5 Buffed or brushed 


Processing Treatments 

1 Carburized 

2 Nitrided 

3 Induction hardened 

4 Shot peened, pressure rolled, ete 

5 Special metal, surface diffusion or 
penetration coating processes 


distortion by low-melting waxes, very 
sensitive contact thermocouple or elec- 
tric resistance probes, visual and even 
photo-electric devices. Practically, the 
method is handicapped by lack of sen- 
sitivity and the sluggish response of 
heat flow measuring devices. Exten- 
sive experiments to detect lack of bond 
between electroplated bearing metal 
and base metal have given results in- 
adequate for an inspection method 
The method has some merit for special 
applications involving thin sections and 
poor heat conduction; for example, 
checking bonding of stainless cladding 
on steel strip. 
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Emissivity. A modification of the heat 
flow distortion inspection method takes 
advantage of the additional factor of 
emissivity. Metal objects, particularly 
large objects such as annealed furnace 
muffe sections, often visually reveal 
gross defects beneath the surface by 
differences in emissivity. Visual exam- 
ination of the part at a bright red 
heat, while in an enclosure free from 
external light, may show gross defects 
such as shrinkage, gas pockets and hot 
tears by color differences ‘emissivity 
variation) due to heat flow distortion 
or differences in heat radiation. 


Chemical Methods 


Macro-Etching. The technique of re- 
vealing density, uniformity of struc- 
ture, flow patterns, inclusions, laps and 
other surface defects, by chemical re- 
moval of the outer layers of test ob- 
jects, is common. Etching solutions 
and techniques are adequately covered 
in the 1948 Handbook. 

Chemical Spot Tests are widely used 
as a laboratory control for many plated, 
specially coated, or oxide film layers. 
Anodized coatings on aluminum are 
usually covered in specifications re- 
quiring chemical spot tests for thick- 
ness. Coatings or bulk material can be 
identified by simple spot tests. The re- 
sults of chemical spot tests are quali- 
tative only, and wide application is 
found in scrap metal segregation. 

Large industrial organizations are 
finding that metal salvage operations 
are facilitated and made more profit- 
able by an efficiently organized analyti- 
cal and segregation program. Items 
7B, 7C, and 5C form the basis. of fast 
scrap and salvage analysis operations. 

Spark Tests (Steels). The 1948 Hand- 
book, pages 397 to 399, covers this sub- 
ject in detail. 


Examples 


Generalizations about the selection 
and application of nondestructive tests 
are of doubtful value because any actual 
problem is a specific one. Tables I and 
II define the quality and selection fac- 
tors which can be used to define and 
classify the pfoblem. Table III lists 
the common nondestructive test meth- 
ods according to their basic principles. 

The plan of the remainder of this 
article is to discuss specific examples 
and the application of selected non- 
destructive inspection methods. Natu- 
rally, there are many local conditions 
regarding availability of skilled tech- 
nicians, manpower, costs and the basis 
for requiring that a test be made, 


which cannot be brought into the fol- 
lowing examples 

When several competitive equipments 
are available, each should be demon- 
strated under anticipated shop operat- 
ing conditions so that a fuller appre- 
ciation of simplicity, convenience, and 
cost of the proposed testing problem 
can be gained. Prototype specimens 
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should be employed for such a com- 
parison rather than specially prepared 
specimens, so that operating difficulties 
can be evaluated realistically. 


Evaluation of Soundness of 
Are, Gas, and Thermit Welds 
in Steel 


This problem may be divided into 
two separate objectives 

1 Evaluation of unsoundness that im- 
pairs the strength or other mechanical 
properties of a welded joint 

2 Detection of unsoundness which may 
cause through-the-weld leaks in pip- 
ing or pressure vessels 


Although these problems may exist 
simultaneously in a single weldment, 
they will be discussed separately here. 

Unsoundness That May Reduce 
Strength. The nondestructive inspec- 
tion should be predicated on a qualified 
or proven welding procedure and qual- 
ified welding operators. ‘Such proce- 
dures and personnel should obviously 
be appropriate to the production oper- 
ation, preferably as demonstrated by 
the same nondestructive tests em- 
ployed on the production items.) Fur- 
ther, since weldment defects may origi- 
nate in defective metal and improper 
preparation, as well as faulty welding, 


Table If. Typical Nondestructive Inspection Methods and Techniques 


1 Penetrating Radiation 
A Radiography 
(1) Photographic 
(2) Fluoroscopic 
B Gaging 
2 Somic and Ultrasonic 
A Pulsed echo (reflection) 
B Resonance 
C Through-transmission 
D Damping 
3 Penetrant and Pressure 
Liquid penetrant 
B Gas penetrant 
C Pressure differential 
4 Magnetic and Electrical 
A Magnetic leakage, including mag- 
netic particle tests 


B Core loss 
C Eddy current 
D D-c potential drop 
E Magnetic attraction 
Tribo-electric 
5 Optical 
Visual 
B Photo-electric 
C Spectroscopic 
6 Thermal 
A Thermo-electric 
B Temperature-sensitive material 
C Emissivity 


7 Chemical 
A Macro etch 
B Chemical spot tests 
C Spark test (steels) 


the nondestructive tests should be syn- 
chronized with the operations that may 
initiate welding defects. Inspection 
before and during welding will reduce 
labor cost by detecting conditions which 
lead to defects as early in thé produc- 
tion process as is possible, which often 
permits correction rather than rejec- 
tion. Nondestructive tests are uniquely 
suited to such quality control 

Selection of nondestructive methods 
for unsoundness that may reduce weld 
strength depends on the type of steel 
and the shape of the piece 

Except for weldments of thin-walled 
tubular members, the most generally 
applicable nondestructive tests are vis- 
ual examination, radiography, and dye 
or fluorescent penetrant tests For 
ferromagnetic welds, magnetic leakage 
techniques are also applicable Al- 
though expensive in initial equipment 
costs, and too slow to be compatible 
with high production rates, radiography 
employing photographic image detec- 
tion is the most complete and search- 
ing single inspection method. Radiog- 
raphy is therefore excellent for estab- 
lishing qualified procedures and per- 
sonnel and for the spot checking of 
finished items or portions of welds. Its 
slowness and expense, however, make 
it inapplicable to 100°) inspection, ex- 
cept for special uses—for example, 
where failure would mean loss of life 
or great cost of equipment replacement 
Also, for detecting cracks, radiography 
should be supplemented by visual ex- 
amination and, for ferritic welds, by 
magnetic particle techniques. Both of 
the latter types of examination are 
less costly and more rapid than radiog- 
raphy. 

In addition, magnetic particle tests 
are more reliable than radiography for 
detecting surface cracks in welds. For 
nonmagnetic welds in steel, not in- 
spectable by magnetic methods, the 
dye and fluorescent penetrant method: 
are recommended as supplementary to 
radiography and will provide additional 
assurance that surface cracks are de- 
tected. Only cracks that are actually 
open to the surface ‘that is, cracks not 
covered by even the thinnest coating of 
metal, slag, dirt or other material) can 
be detected reliably by the penetrant 
methods; hence those methods are not 
recommended except for nonmagnetic 
weld metal to which the magnetic par- 
ticle technique is inapplicable 

For the examination of welds in thin 
tubular structures, such as aircraft en- 
gine mounts, the interpretation and 
application of radiographic technique: 
are difficult because of the shape of 
such parts. For these products, the 
visual and magnetic particle techniques 
offer the best results for ferritic welds 
For stainless steel or other austenitic 
welds in thin-walled tubular products, 
the dye or fluorescent penetrant tech- 
nique should be employed as an aid to 
visual examination 

Ultrasonic tests have been omitted 
above because, for examination of weld- 
ments, they are still in a development 
stage. Ultrasonic techniques do appear 
promising for improved weld inspection 

Unsoundness Through Which Leakage 
May Occur. Regardless of the shape 
size, thickness or kind of metal in a 
given weldment, the penetrant and 
pressure methods of inspection are rec- 
ommended for the detection of leak: 
Gas penetrants, employing helium or 
halogen gases and the associated gas 
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detection apparatus (leak detectors), 
are without doubt the most effective 
of the three techniques. Such leak 
detectors are also relatively expensive, 
but, depending on the quantity of work 
and other factors involving fast opera- 
tion and convenience, they actually 
may be the most economical for many 
test problems. 

The simplest of the techniques in 
operation and equipment is the dye or 
fluorescent liquid penetrant technique. 
Both the gas and liquid penetrant tech- 
niques have an advantage over the 
pressure drop or differential test be- 
cause they can pinpoint the source of 
a leak so that repairs may be made. 
In some production situations where 
continuous production testing is in- 
volved and where the shape of the 
units to be tested may cause difficulty 
in applying the gas or liquid penetrants, 
the pressure differential technique may 
prove more convenient and economical. 
Thus, gas penetrants are the most sen- 
sitive and the fastest, and liquid pene- 
trants the most simple to handle. Final 
selection rests primarily on economic 
considerations peculiar to the individ- 
ual inspection problems. 


Detection of Cold Shuts 
in Cast Bronze Bushings 


This example deals with cold shuts 
in Cu-Pb-Sn bushings, cast in “trees”, 
with each small cored bushing at the 
end of its own individual feeder. Low 
pouring temperature minimizes lead 
segregation but increases the probabil- 
ity of closely knit cold shuts. When 
these cannot be tolerated in service, 
an effective nondestructive inspection 
method is necessary. 

Magnetic, electrical and thermal 
methods are inapplicable. The size and 
shape of the part, as well as the orien- 
tation of the defect, usually rule out 
ultrasonic, X-ray, visual, macro-etch- 
ing and ordinary liquid penetrant 
methods. 

The recommended method is a tech- 
nique of vacuum impregnating a fluo- 
rescent penetrant into the bushings, 
then examining them under ultra- 
violet light as the penetrant is driven 
out by heat. 


Nondestructive Inspection 
of Heat-Resisting Metals 


Because the majority of heat-resist- 
ing metals are used either in aircraft 
(where weight considerations keep the 
factor of safety to a minimum) or 
highly stressed apparatus requiring 
long life and dependable service (such 
as steam turbines, boilers and heat ex- 
changers), the inspection standards are 
usually more exacting 

Radiography, ultrasonic inspection, 
magnetic particle testing, and the fluo- 
rescent and red dye penetrant methods 
of inspection are the commonly used 
nondestructive tests applied to heat- 
resisting metals. 

In the radiographic inspection of heat- 
resisting metals, there is a group of 
high temperature alloys (which in- 
cludes, for example, cobalt-base cast- 
ings) for which a copper filter tech- 
nique is employed when low-voltage 
X-rays (250 kv and under) are used on 
precision-cast parts, such as diaphragm 
partitions and gas turbine buckets. 
The copper filter eliminates or greatly 
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reduces the number of indications re- 
sulting from grain boundaries. The 
grain boundary indications make inter- 
pretation of the radiographs difficult 
and sometimes questionable. Grain 
boundary indications still present with 
the copper filter technique can usually 
be more positively identified as grain 
boundaries and therefore do not inter- 
fere with an accurate interpretation of 
indications resulting from defects. Al- 
though there may be a slight decrease 
in sensitivity with the use of copper 
filters, the interpretation of significant 
indications is unaffected when copper 
filters are used on these alloys. 

Standard ultrasonic techniques are 
commonly applied to heat-resisting 
alloy billets, bar stock, and forgings. 
However, an increasing proportion of 
the ultrasonic testing applied to air- 
craft parts uses immersed testing equip- 
ment. With these techniques, the ultra- 
sonic beam can be directed into fillets, 
complex surfaces and areas not flat 
enough for good contact with flat 
crystals. The ultrasonic beam can be 
directed at an angle to the surface, 
which improves the chances for de- 
tecting flaws that lie at an angle to 
the surface of the part. Also, this 
method permits the detection of flaws 
closer to the surface than does contact 
scanning. 

Whereas 10 megacycles is the maxi- 
mum practical testing frequency for 
standard contact scanning, frequencies 
up to 25 megacycles can be used in 
immersed testing techniques. These 
higher frequencies provide a narrower 
beam which can more accurately locate 
a defect and outline its configuration, 
which is particularly desirable in the 
inspection of many critical aircraft 
parts. 

Magnetic particle inspection is often 
used in disclosing the manufacturing 
stage at which defects are formed in 
magnetic alloys. It is also used as a 
final inspection method, and to detect 
service damage. Since magnetic par- 
ticle inspection is primarily a surface 
test, it is frequently used in conjunc- 
tion with the internal inspection meth- 
ods, X-ray and ultrasonic testing. This 
method of inspection is especially im- 
portant in the detection of surface flaws 
in magnetic parts subjected to cyclic 
loads at elevated temperatures where 
fatigue failures may otherwise occur. 
Typical heat-resisting parts given mag- 
netic particle inspection are steam tur- 
bine buckets, compressor blades, and 
bolting material. 

Many heat-resisting alloys are non- 
magnetic, and therefore require either 
a fluorescent penetrant or a red dye 
penetrant method of inspection for 
surface flaws. Unlike magnetic par- 
ticle inspection, these two types will 
produce indications only of flaws which 
are open to the surface. 

In the fluorescent penetrant methods 
two developers have been available — 
a dry powder which is usually dusted 
on the specimen to develop the indi- 
cation, and the wet developer applied 
by dipping. The dry powder provides 
greater sensitivity and should be used 
when fine shallow flaws are of prime 
importance. 

A relatively new fluorescent penetrant 
method, known as the “post emulsifi- 
cation” method, offers additional in- 
creased sensitivity. In this method, the 
emulsifier is applied to the part after 
it has been soaking in the liquid pene- 


trant, thereby making it water wash- 
able without decreasing the penetrabil- 
ity of the oil. The post emulsification 
method is recommended for most criti- 
cal applications involving nonmagnetic 
heat-resisting alloys. 

The red dye penetrant method is 
similar to fluorescent penetrant inspec- 
tion except that the indication is shown 
as a brilliant red against a white back- 
ground instead of as a fluorescent yel- 
lowish green against a neutral purple 
background. The developer, a chalk 
suspended in alcohol, is usually applied 
by spraying or brushing. Unlike fluo- 
rescent penetrant inspection which re- 
quires an ultra-violet light, the red dye 
indications can be observed under nor- 
mal lighting. 

Typical parts inspected by fluorescent 
and red dye penetrant methods are 
turbo-supercharger buckets, wheels, 
rotors and diaphragms, gas turbine 
buckets, rims, and rotors, special tur- 
bine valves and bolts, sheet metal seam 
welds, and miscellaneous accessory gas 
turbine parts. 

Other types of nondestructive tests 
used to keep high-temperature alloys 
separated during processing are mag- 
netic core loss, eddy current and ther- 
mo-electric methods. These instru- 
ments can be used in the forge shop, 
machine shop, stock areas, or any 
other areas where alloys may become 
mixed. The test is fast and simple, 
and consists of inserting a part or por- 
tion thereof in a test coil and observing 
the effect on an established instrument. 
Sorting techniques are discussed on 
page 163. 


Determination of Soundness 
in Aireraft Turbine Disks 


In this problem, ordinary sampling 
and destructive testing to determine 
the soundness is out of the question 
because of the size and cost of the 
forgings, the ineffectiveness of destruc- 
tive tests, and the importance of check- 
ing every piece. 

Penetrating radiation is not suitable 
because its sensitivity is too low to de- 
tect the flaws most likely to be present 
in forgings. Electrical methods also 
lack the necessary sensitivity, and mag- 
netic methods cannot be used because 
the highly alloyed materials are non- 
magnetic or only weakly magnetic. 
Thermal methods are not applicable. 
Thus, some form or combination of 
sonic or ultrasonic, penetrant and 
pressure, optical, or chemical testing 
must be used. With forgings such as 
these, weighing up to nearly half a ton 
and costing up to a thousand dollars 
apiece, a combination of several meth- 
ods in succession is well justified. 

An efficient combination is: (1) mac- 
ro-etching or electrolytic etching the 
rough forging, with visual examination 
for laps and other gross defects; (2) 
ultrasonic testing, to look for heteroge- 
neities of grain size, bursts, pipe and 
segregation; (3) after rough machining 
or final machining, or both, a liquid 
penetrant test with thorough visual 
examination. These latter inspections 
of the surface of the metal are espe- 
cially important because it is the 
surface which is usually most highly 
stressed. Sometimes, chemical spot 
tests may be used at any point to 
confirm that the correct alloy is being 
processed. 
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Sorting Mixed Lots of Steel 


The occasional mixing of undesirable 
lots of steel with normal stocks requires 
all the skill of the engineer in working 
out an acceptable sorting technique. 
Two conflicting requirements influence 
the choice of an inspection method. 

1 Cost of inspection must be low per 
piece 
The method must be sensitive enough 
to detect differences positively, and 


nondestructively if finished parts are 
being sorted 


The following examples outline suc- 
cessful and unsuccessful nondestructive 
methods used in large-volume sorting 
of mixed lots of steel. 

Cracks in Thick-Walled Tubing, 
Medium Carbon Steel. This example 
assumes a defective lot, as received, 
containing cracks on the inside surface 
of steel tubing. The defects can be de- 
tected positively only after the steel has 
been machined, carburized, quenched, 
tempered and finish ground. In car- 
burizing, carbon penetrates the cracks, 
causing breakage of some pieces. 

Metallurgical examination shows most 
of the cracks to have a depth about 
one-third the wall thickness and to be 
extremely fine with no decarburization 
or oxide film apparent. An electrical 
conductivity test indicates that the 
cracks were formed at some elevated 
temperature and on cooling contracted 
to form a nearly perfect electrical con- 
tact across the crack at room temper- 
ature Some magnetic or electrical 
method, therefore, appears to be most 
suitable. Sonic and ultrasonic tests 
may be impractical because of size lim- 
itations for ultrasonic transducers and 
lack of sensitivity in the damping of 
sonic vibrations. Radiography is un- 
suited because of the form and shape; 
liquid penetrants and magnetic particle 
tests are impractical for cracks inacces- 
sible for visual examination. Magnetic 
tests may be applicable, in which the 
tubing is moved uniformly through a 
coil, with the core loss of an induced 
high-frequency alternating current 
through the coil windings indicated on 
an electrical meter. Several commer- 


cial instruments are available for such 
a test, varying only in the electrical 
circuit and the flexibility or sensitivity. 
Some of these are more sensitive to 
variations in the dimensions of the test 
part than others; for instance, the 
core-loss method may be unsatisfactory 
when variations in wall thickness are 
as much as 0.002 in., since this much 
variation may give the same indication 
as the cracks. 

This example illustrates one of the 
most difficult problems, where the final 
selection depends on highly specific 
factors such as exact details of a proc- 
essing sequence or the precise dimen- 
sional tolerance on some dimension of 
a mill product, or the accessibility of 
crack location to visual examination. 
It also illustrates that, despite the wide 
variety of instruments available, there 
may be no suitable method except a 
prohibitively costly adaptation of an 
already complex technique. 

Mixed Lots of 8620 and 1030 Steel Bar 
Stock. Magnetic core-loss methods are 
suitable, provided certain requirements 
are met: 

1 Metallurgical process variables must 

be small 

2 The difference in chemical composi- 

tion must be appreciable or its effect on 
metallurgical structure quite marked 
Magnetic test equipment must be flex- 
ible enough to permit choice of opti- 
mum frequency and optimum sensi- 
tivity of the detector 


The metallurgical processing varia- 
bles include the method of making the 
steel, particularly variations in deoxi- 
dation; mill fabrication procedures, 
especially the hot finishing tempera- 
ture; and other inherent structure- 
sensitive properties of the metal. Large 
variations in metallurgical factors often 
cause core-loss indications exceeding 
the effect of chemical composition at 
any one frequency. Chemical compo- 
sition variations affect the core loss but 
the magnitude of the effect varies with 
the frequency and is a maximum for a 
specific frequency and a specific varia- 
tion of a chemical element. By vary- 
ing the frequency of the magnetic test- 
ing device, metallurgical processing 


variables can often be minimized so 
that the measured variation will reflect 
only the differences in chemical com- 
position. These factors cannot be pre- 
cisely defined for all conditions; how- 
ever, variations in carbon and chro- 
mium contents within the range of this 
problem do produce significant effects 
on the core loss measured at optimum 
frequency. 

The thermo-electric test, depending 
on the thermocouple effect of dissim- 
ilar metals, may be applicable; the 
method is new and its limitations in 
chemical sorting are not well known. 

Tribo-electric devices depend on a 
peculiar surface contact condition 
which can be detected electrically. Re- 
sults of sorting with this technique are 
largely empirical and require on-the- 
spot testing for proper evaluation of 
its usefulness. 

Chemical test methods are probably 
the most reliable and foolproof for 
sorting mixed steels of the two types 
described. The spot test for chromium 
or molybdenum is adequate for sepa- 
ration of the two steels but the time 
factor and delicacy of the test elimi- 
nate it from consideration. Spark test- 
ing requires considerable experience 
and with such small differences in 
composition, tests by inexperienced 
inspectors are inconclusive 

Portable spectroscopic equipment is 
available for rapid visual identification 
of steel samples. Although such a test, 
which involves arcing of the test ob- 
ject, might be considered destructive 
on finished parts, the test is nonde- 
structive on rough bar stock. Adjust- 
ments to detect a sensitive chromium 
or molybdenum arc line enable 8620 
steel to be identified quickly 

For separating these two steels, the 
methods listed below are recommended 
in the order given: 

1 Visual spectroscopic 

2 Magnetic core loss 

3 Tribo-electric 

4 Thermo-electric 

The last two methods depend on 
favorable empirical conditions and re- 
quire preliminary trials with known 
samples. 
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Metallography 


By the ASM Committee on Metallography 


THIS ARTICLE supplements the 1948 
Metals Handbook by presenting seven 
topics on metallographic technique and 
equipment not covered in that edition. 

First comes a discussion of the metal- 
lurgical microscope. This instrument, 
‘ong highly developed and used in all 
metallurgical science and industry, is 
considered here in terms of the optical 
principles determining its successful 
use. Three applications are described 
after the discussion of principles. 

The remainder of the article deals 
with specialized polishing and etching 
methods, and a summary of principles 
and application of the electron micro- 
scope. Extensive tabulations of electro- 
lytic polishing and etching methods are 
presented on pages 170 to 173. 


The Metallurgical Microscope 


The principal parts of a modern 
metallurgical microscope are the illu- 
minating system, the vertical illumina- 
tor, the aperture and field diaphragms, 
and the objective and eyepiece that 
comprise the image-forming system. 

IHuminating System. The illuminat- 
ing system consists of a light source of 
moderate to high intensity (for exam- 
ple, a ribbon filament bulb, zirconium 
are lamp, or a carbon-are source) and 
a condensing lens system. This con- 
densing system, in conjunction with 
the microscope objective, focuses the 
light source (as in so-called “critical” 
illumination) or an illuminated con- 
densing lens surface (as in Kohler illu- 
mination) nearly coincident with the 
specimen surface. Under such illumi- 
nation a portion of the object surface 
is uniformly and intensely illuminated, 
a requisite to good image quality. 

Vertical Iluminator. The conven- 
tional form of illumination employed 
for metallographic observations is 
known as bright field illumination—a 
condition of lighting that renders a 
dark image on a bright, well-lit back- 
ground field. This is in contradistinc- 
tion to special forms of illumination, 
such as dark field 

In bright field illumination, the light 
from the source, as illustrated in Fig. 1, 
passes into the vertical illuminator 
which contains either a total reflecting 
prism or a plane glass reflector inclined 
45 deg to the axis of the incident light. 
Either of the reflectors is mounted di- 
rectly in the rear of the microscope 
objective, and serves the purpose of 
deviating the incident light from the 
source into the objective and onto the 
specimen surface. 

The principal use of the prism re- 
flector is to render a more brilliant 
image than can be secured with the 
plane glass reflector. This is achieved 
because the prism reflects virtually all 
of the light incident upon it onto the 
object surface. Its use, however, re- 
duces the potential resolving power of 
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the objective by about one half, and 
hence it should be used at magnifica- 
tions lower than about 100 x. 

The plane glass reflector does not 
effect resolution, but produces an image 
less brilliant than that secured from 
the prism reflector. This lower bril- 
liancy arises from greater light losses 
encountered each time the light is in- 
cident on the reflector, and the losses 
may be as high as 80%. This notwith- 
standing, the image is usually bright 
enough for comfortable observation. 

Aperture Diaphragm. Appropriately 
positioned in the illuminating system is 
an iris diaphragm whose principal pur- 
pose is to regulate the amount of light 
incident on the specimen surface. An 
image of the diaphragm is formed in 
the rear focal plane of the objective 
and in consequence the amount of light 
entering the objective to illuminate the 
specimen can be controlled readily. 
articular attention must be paid to 
proper adjustment of the aperture dia- 
phragm so as not to impair resolution 
of the image-forming system. 

It is a well known optical principle 
that the resolution of an objective sys- 
tem depends on the numerical aperture 
of the objective and the wavelength of 
light illuminating the specimen. The 
numerical aperture, which is related to 
design of the objective, is a measure of 
the light-gathering power of the objec- 
tive system. Objectives of increasing 
numerical aperture possess inherently 
greater resolving power; for any given 
numerical aperture the resolution of 
fine object detail increases with de- 
crease in wavelength of the illumina- 
tion. The full resolving potentialities 
of the system, however, will be realized 
theoretically only when the pencil of 
light entering the microscope objective 
‘as controlled by the aperture dia- 
phragm) completely fills the rear lens 
of the objective. Actually, however, at 
full aperture the marginal aberrational 
errors of the objective become so pro- 
nounced, and the internal glare and 
reflections within the microscope sys- 
tem are so serious, that the improve- 
ment in resolution falls short of that 
which should theoretically be achieved. 
Because of these circumstances the 
aperture diaphragm is best set by vis- 
ual observation of the specimen imace, 
and so adjusted that the best possible 
resolution is obtained with a minimum 
of image glare. 


Field Diaphragm. The field dia- 
phragm is so located in the optical sys- 
tem that the diaphragm opening is 
imaged in the plane of the specimen 
surface. Its purpose is to reduce inter- 
nal flare within the microscope system 
and, in consequence, to improve image 
quality and contrast. Because of the 
location of the field diaphragm image, 
as compared to that of the aperture 
diaphragm, adjustment of the field 
diaphragm will have no real effect on 
resolution. To contribute to best image 
quality in visual examinations, the 
diaphragm should be closed to an ex- 
tent where the diaphragm image just 
begins to enter the field of view. 

Microscope Objectives. The image- 
forming system consists of the objective 
and eyepiece whose primary purpose is 
to resolve specimen detail too small to 
be resolved by the unaided eye, and to 
enlarge subsequently such resolved de- 
tail for comfortable observation. 

Metallurgical-microscope objectives 
may be conveniently divided into five 
general groups—achromats, semi-apo- 
chromats, apochromats, monochromats 


(for ultraviolet use), and a_ special 
group known as reflectors (see page 
167). All microscope objectives repre- 


sent a compromise in the degree to 
which various optical errors have been 
corrected. Among the most important 
errors are chromatic and spherical ab- 
errations, coma, astigmatism, inade- 
quate vertical resolution, and lack of 
flatness of field. 

Modern objectives, as well as eye- 
pieces and other optical parts in the 
microscope, are coated with a _ low- 
reflectance material to improve image 
quality through reduction of spurious 
light reflections and consequent flare 
at air-glass surfaces. 

Achromat objectives are relatively 
low in cost and perform well when ap- 
propriately used. As a group, they are 
not so completely corrected for chro- 
matic and spherical errors as are semi- 
apochromats and apochromats, and in 
consequence are unable to render an 
image that possesses true color rela- 
tionships. They perform best in con- 
junction with illumination appropri- 
ately filtered to supply wavelengths of 
light at about the middle of the visible 
spectrum. 

Apochromatic objectives are the fin- 
est objectives obtainable, and because 
of the high degree of optical correction, 
their cost is relatively great. In gen- 
eral, this class of objectives has higher 
numerical aperture and initial magnifi- 
cation than achromats, but renders an 
image that is inferior in flatness of 
field. Because of the high degree of 
correction for chromatic and spherical 
aberrational errors, apochromats are 
most desirable for use at high magnifi- 
cations and they perform efficiently 
when used with white light, light of 
daylight quality, green-yellow, or blue 
illumination. 

Semi-apochromats are a compromise 
between achromatic and apochromatic 
objectives with respect to residual op- 
tical errors. In general, they approach 
the performance of apochromats. 

Microscope Eyepieces. The purpose of 
an eyepiece or ocular is to enlarge the 
primary real image formed by the ob- 
jective and to render it visible as a 
virtual image, or to project the objec- 
tive image as a real image, as in photo- 
micrography. Some eyepieces are pur- 
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Posely overcorrected to improve image 
quality, as, for example, the compen- 
Sating type of eyepiece which compen- 
Sates for the residual color errors in 
semi-apochromatic and apochromatic 
objectives. As contrasted to oculars 
designed for visual use, eyepieces of a 
true negative character may be em- 
ployed for image projection, as in pho- 
tomicrography, to render an image of 
exceptionally flat field. These eyepieces, 
because of their design, cannot be used 
for visual observations. 

Geometric Microscope-Image Forma- 
tion. As illustrated in Fig. 1, illumina- 
tion from an appropriate source is col- 
limated by the condensing system and 
directed by the plane glass reflector 
(vertical illuminator) downward and 
through the objective onto the surface 
of the specimen. Under such circum- 
stances, as mentioned heretofore, the 
objective serves to converge the light 
beam and to illuminate a small area 
on the object specimen. 

If the microscope is adjusted by fo- 
cusing, so that the object surface is 
positioned just outside the equivalent 
front focal point of the objective, as 
in Fig. 1, a primary real image of 
greater dimensions than the object field 
will be formed within the microscope 
tube. By critical focusing, this primary 
image may be positioned at the focal 
point or within the focus distance of 
the eyelens of the eyepiece system. 
The eyepiece illustrated in Fig. 1 is a 
conventional Huygenian-type ocular, 
whose field lens, as indicated, assists 
the objective in forming the primary 
real image. If the entrance pupil of 
the eye is now made coincident with 
the exit pupil of the eyepiece, the cor- 
nea lens of the eye in conjunction with 
the eyelens of the ocular will form an 
enlarged image of the primary real 
image on the retina of the eye. Owing 
to physiological response attending ex- 
citation of the retina, the image will 
appear to exist in space at approxi- 
mately the near point of the eye (250 
mm) for a mature observer of normal 
sight. This space image is known as 
a virtual image, since it has no real 
existence 

By readjusting the focus of the mi- 
croscope so that the primary real image 
is positioned outside the focal point of 
the eyelens, there will be formed a 
second real image. This may be ob- 
served, as in photomicrography, by 
intersecting the image-forming rays of 
light by a reflecting or ground-glass 
screen. 


Principles of Phase Contrast 
Metallography 


' Illumination incident on a metallo- 
graphic specimen may be locally al- 
' tered in phase upon reflection by dif- 
ferences in optical path attending 
small-order vertical displacements on 
the specimen surface; by existing dif- 
‘ ferences in surface optical activity be- 
] tween structural phases of different 
compositions; and by the normal con- 
sequence of metallographic etching and 
; the selective formation of reaction- 
product films differing in thickness or 
refractive index or both. 

In conventional microscopy, the mere 
existence of such phase differences in 
the components of the reflected light 
in no way contributes uniquely to con- 
trast in the final image, since the hu- 
man eye is incapable of distinguishing 


between light differing only in phase. 
In phase contrast, however, these small 
differences in phase are transformed 
into corresponding modulations in 
light intensity which may greatly affect 
image contrast in the final image plane 
Therefore, this optical technique can 
render visible an element of structure 
that introduces locally a change in 
phase of the reflected light, even though 
this structural element is normally in- 
visible microscopically because of in- 
sufficient optical contrast. 

For the purpose of illustration, con- 
sider a metallographic specimen con- 
taining a small discrete element of 
structure that is depressed from the 
surface of the surrounding matrix by 
an amount equivalent to about 1 20 
the wavelength of light illuminating 
the specimen. The incident light upon 
reflection from the depressed struc- 
tural element will be retarded in phase 
with respect to the light reflected from 
the matrix, owing to the greater optical 
path at the depression. Furthermore, 
the incident light will be diffracted at 
the matrix discontinuity in the region 
of the depression, and a portion of this 


ferred to as the undeviated reflected 
light. The remaining portion of the 
diffracted light will be deviated at vari- 
ous angles from the direction of re- 
flection at incidence, and it is referred 
to as the deviated or diffracted light 
The amount and intensity of the light 
deviated depends on the character of 
the specimen structure 

The undeviated light, and all dif- 
fracted orders of the deviated light 
falling within the angular aperture of 
the objective, will be refracted by the 
objective to the image plane where, by 
intensity interference effects, the light 
distribution may resemble that of the 
specimen structure. Precisely how 
faithfully the image will resemble the 
object structure will depend on how 
much of the diffracted light the objec- 
tive collects. In order to achieve ideal 
representation of the light distribution 
across. the object plane, all of the dif- 
fracted orders must be collected; to 
secure any resolution of the structure, 
at least the first-order diffraction max- 
imums on either side of the undeviated 
beam must be collected. 

It may be shown by wave diagrams 
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(90 deg) with respect to the undeviated 

light. Furthermore, the light reflected 
from the depressed structural element 
is in reality equivalent to the sum of 
the deviated and undeviated light 
waves. 

In formation of the image of the 
structural element by interference ef- 
fects between the undeviated and de- 
viated light, it is significant to note 
that the existing difference in phase 
between the two in no way contributes 
to image contrast. However, in a 
manner to be described, phase contrast 
uniquely separates the undeviated from 
the deviated light, and subsequently 
introduces a further, but controlled, 
shift in phase between the two. De- 
pending on the amount of phase dif- 
ference artificially introduced, the in- 
terference between the undeviated and 
diffracted light may be either con- 
structive or destructive, resulting in 
the image of the structural element 
being respectively either brighter or 
darker in contrast to the surrounding 
matrix. 

Phase Microscope. The principle of 
the phase contrast metallurgical micro- 
scope is illustrated in Fig. 2. Under 
appropriate conditions of illumination 
(Kohler illumination), an image of the 
light source is formed at, or very 
near, the plane of the aperture dia- 
phragm. If in this plane an annular 
diaphragm is inserted normal to the 
incident light as illustrated, the dia- 
phragm will be imaged in the rear focal 
plane of the objective. This real image, 
because of its location, will be imaged 
at infinity by the objective. 

Upon reflection from the specimen 
surface, the image will once again be 
imaged upon itself in the rear focal 
plane of the objective system. All of 
the undeviated reflected light from the 
specimen surface will therefore be de- 
fined in the rear focal plane of the 
objective by the annular diaphragm 
image, whereas the diffracted light re- 
ceived by the objective will be unre- 
stricted in procession to the final image 
plane. By this arrangement, an effec- 
tive means is provided for separating 
the undeviated light from most of the 
diffracted orders, and gives opportunity 
to alter artificially the phase relation- 
ship between the two. 

In phase contrast metallography, it 
is customary to retard the undeviated 
light with respect to the deviated light. 
This is achieved by inserting a phase 
plate in the region of the rear focal 
plane of the objective, as illustrated in 
Fig. 2. The phase plate consists of a 
clear slip of glass onto which is de- 
posited an annulus of magnesium fluo- 
ride whose shape and size correspond 
to the image of the annular diaphragm 
If the annulus and diaphragm image 
are made to coincide, then the unde- 
viated light passes through the annulus 
and is thus retarded in phase, whereas 
the deviated light passes mainly through 
the clear portions of the phase plate, 
and is relatively unaltered in phase. 

If the magnesium fluoride annulus is 
of such thickness that the undeviated 
light is retarded by 3\/4 (270 deg) for 
a given wavelength of light ‘(usually 
green-yellow for metallographic work), 
then the undeviated and deviated light 
interfere destructively in the image 
plane to form the image of the de- 
pressed structural element. This re- 


sults in the element appearing darker 
In this 


than the surrounding matrix. 


example, and in others where the ele- 
ment of structure causing a retarda- 
tion in phase of the reflected light ap- 
pears darker than the matrix in the 
final image plane, the observation is 
known as positive or dark phase con- 
trast. 

Negative or bright phase contrast is 
secured by employing a phase-altering 
annulus that will retard the undeviated 
light by \/4 (90 deg), thereby causing 
an element of structure that initially 
retards the reflected light to appear 
brighter than the matrix in the final 
image. In principle this is achieved 
through constructive interference be- 
tween deviated and undeviated light 
owing to the \/4 (90 deg) phase shift. 
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Figure 3 (left view) illustrates the 
typical appearance of as-cast alpha 
brass under bright field illumination. 
It is evident under phase contrast, 
shown in Fig. 3 (right view), that the 
interdendritic regions are more clearly 
defined, and some grain boundaries are 
clearly delineated. Figure 4 illustrates 
the appearance of commercially pure 
nickel, cathodically vacuum etched. The 
phase contrast effects, as compared to 
Fig. 3, arise mainly from slight differ- 
ences in level of surface and are not 
complicated by the presence of reaction 
artifacts that may have arisen from 
chemical etching. It is evident in Fig. 4 
that grain boundaries are better delin- 
eated and, owing presumably to local 
difference in level existing in any one 
grain, phase contrast is locally opera- 
tive within individual grains. 

Specimens to be subjected to phase 
contrast observation must be prepared 
metallographically to a high degree of 
perfection. Scratches normally too fine 
to be seen under bright field are usu- 
ally revealed under phase contrast. This 
is to be expected, since it is conserva- 
tively estimated that differences in level 
of about 50A will be manifested by 
contrast differences. Specimens to be 
examined in the etched condition must 
be lightly etched so as not to produce 
very great differences in level between 
structural phases. With the equipment 
available for metallographic phase con- 
trast, the best contrast is established 
when differences of level between struc- 
tural components are about \/20. Fur- 
thermore, severe etching will roughen 
the surface to a degree where phase 
contrast can no longer operate. 

When interpreting metallographic 
structures, full cognizance must be 
taken of the optical principles of the 
method. Particularly with respect to 
metallographic structures appropriately 
revealed for examination by chemical 
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etching, the phase contrast image must 
be regarded as arising not only from 
phase contrast effects, but also from 
bright field effects caused by differ- 
ences in reflection coefficients, and to 
dark field and conical illumination ef- 
fects arising respectively from gross 
light scattering and the use of an an- 
nular diaphragm as mentioned. 

Coupled with these complexities, it is 
difficult at times to discriminate be- 
tween the phase contrast effects aris- 
ing from small vertical displacements 
existing on the specimen surface and 
other phase effects arising from the 
normal consequence of metallographic 
etching. Because reaction product films 
affect the phase of reflected light in 
unpredictable ways, phase contrast can 
be applied with greatest assurance to 
the examination of unetched speci- 
mens, to those cathodically vacuum 
etched, or to specimens whose struc- 
tures are difficult to reveal fully by 
conventional or special etching tech- 
niques. 

Because of the sensitivity of the 
phase contrast method, it offers possi- 
bilities as a device for the qualitative 
study of surface finishing, and in the 
study of certain metallographic phe- 
nomena attending deformation or phase 
changes accompanied by small-order 
disruptions on the surfaces of prepared 
specimens. 


Ultraviolet Metallography 


Compared to the use of visible radia- 
tion to illuminate the object specimen 
ultraviolet radiation is advantageous 
because it improves resolution and re- 
duces flare within the microscope sys- 
tem. 

Improvement in resolution through 
the use of wavelengths of radiation 
shorter than those comprising the visi- 
ble spectrum is more desirable than 
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the alternate approach of increasing 
the numerical aperture of the objective 
system. The latter is always accom- 
panied by undesirable effects, namely, 
deterioration in flatness of field and 
vertical resolution, and increasing dif- 
ficulties in securing optimum focus of 
the image. 

The extension of metallography to 
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the use of short ultraviolet radiation, 
makes necessary the use of special op- 
tical equipment. Conventional optical 
glasses do not transmit wavelengths 
shorter than about 3500A. Further- 
more, the human eye does not respond 
to radiation below about 4000 A, thus 
requiring that the ultraviolet image be 
converted into an image of longer 
wavelengths by fluorescent or photo- 
graphic methods. 

Refracting Components. For appli- 
cation in ultraviolet microscopy with 
wavelengths shorter than about 3500 A, 
objectives, eyepieces, and other optical 
parts of the microscope are constructed 
of quartz, fluorite, lithium fluoride, or 
other transparent materials having ap- 
propriate transmission characteristics. 

To enable focusing of the image prior 
to photomicrography, refracting objec- 
tives must be achromatized at two dif- 
ferent wavelengths. This correction is 
made for a selected wavelength in the 
visible spectrum and at some desig- 
nated shorter wavelength in the ultra- 
violet for photomicrography. Such ob- 
jectives are described in the three ref- 
erences on this subject, page 177. 

L. V. Foster has discussed the use of 
ordinary, but well corrected refracting 
objectives for use with radiation wave- 
lengths in the near ultraviolet (3650 A). 
Inasmuch as such objectives are achro- 
matized at only one designated wave- 
length in the visible spectrum, focusing 
of the ultraviolet image is carried out 
directly by viewing the image with the 
infrared image tube of a 1P25 Sniper- 
scope. Although this instrument was 
designed originally for peak sensitivity 
to infrared radiation, it is also respon- 
sive to ultraviolet radiation of about 
3650 A. 

Inasmuch as residual chromatic aber- 
ration in refracting objectives becomes 
more pronounced at short wavelengths 
of radiation, they must be used with 
essentially monochromatic radiation. 
This circumstance is not always a de- 
sirable one; broad band radiation would 
sometimes be more advantageous. 

Reflecting Components. The out- 
standing characteristics of simple re- 
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flecting objectives, illustrated in Fig. 5, 
are (1) inherent freedom from chro- 
matic aberration at all wavelengths of 
radiation, (2) alesser amount of spher- 
ical aberration compared to a refractor 
of equivalent diameter and focal length, 
and (3) the circumstance that reflect- 
ing objectives can be designed to pos- 
sess a reasonably long working dis- 
tance. The latter is advantageous for 
examining irregularly shaped fractures 
at moderately high magnifications, hot- 
stage observations, metallographic ex- 
amination of irradiated metals and al- 
loys, and in circumstances requiring 
more-than-normal working distance 

In ultraviolet metallography, and 
where infrared microscopy is desired, 
the reflecting objective is ideally suited 
because of its achromatic characteris- 
tic. By the use of such an objective, 
the metallographic image may be fo- 
cused critically at any single or any 
group of wavelengths within the visi- 
ble spectrum with assurance that the 
image will remain in focus when sub- 
sequently photographed under ultra- 
violet or infrared radiation. The former 
quality of radiation is readily secured 
by appropriately filtering the radiation 
emitted from a conventional ultraviolet 
lamp; the latter, from a filtered carbon- 
are source with the water-cooling cell 
removed from the radiation path. 

Reflecting objectives of relatively high 
numerical aperture, and in particular 
those designed for use with an immer- 
sion component, contain one or more 
refracting elements of quartz or simi- 
lar optical material. The introduction 
of these components, however, is at the 
sacrifice of complete achromatism at 
all wavelengths. 

The excellent performance of a sim- 
ple reflecting objective at radiation 
wavelengths of 5700A_ (green-yellow) 
and 3650A (near ultraviolet) is illus- 
trated in Fig. 6. In the photomicro- 
graphs secured with ultraviolet radia- 
tion, the projected image was focused 
by utilizing the visible radiation emitted 
by a General Electric mercury-arc 
source (Type H-4), and the image was 
subsequently photographed with a 
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wavelength of 3650 A. The 3650 A spec- 
tral line was isolated by filtering the 
radiation with a Corning 5860 glass 
filter. 


Photomicrography in Color 


The availability of a variety of color 
photographic emulsions of high resolv- 
ing power, and the comparative case 
by which these emulsions may be proc- 
essed in the laboratory, has been re- 
sponsible for rather widespread inter- 
est in color photomicrography. Aside 
from the aesthetic value, photographic 
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recording in color is of interest in non- 
ferrous metallography where a variety 
of highly colored metallographic struc- 
tures are encountered, in corrosion 
studies where the color of reaction 
products is of comparative significance 
and in general applications where the 
color of a phase or phases is necessary 
for proper identification. 
Metallography in color is best carried 
out with well corrected objectives and 
other optical parts, and with particular 
attention to spectral quality of the 
illumination, setting of the field and 
aperture diaphragms, photographic ex- 
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posure, and development of the color 
emulsion, 

Quality of Mlumination. As a general 
principle in color photomicrography 
the quality of the illumination incident 
on the specimen surface must be com- 
parable to the spectral energy distribu- 
tion for which the photographic emul- 
sion is balanced. It is only under this 
condition that the colors in the speci- 
men object will be ideally reproduced 
in the color photomicrograph. How- 
ever, acceptable color reproductions of 
a variety of structures can be secured 
through the use of appropriate color 
emulsions and a carbon-arc illuminat- 
ing source unfiltered except possibly 
for the removal of excess ultraviolet 
radiation, 

The best source of illumination for 
color photomicrography is a carbon arc. 
Such a source, compared to a ribbon 
filament lamp, is highly reproducible 
with respect to average “color temper- 
ature”, even though the radiant energy 
forms a continuous spectrum super- 
imposed on a continuous background, 
In the spectral region of 3400 to 4300 A, 
the emission is high, generally neces- 
sitating the removal of all the ultra- 
violet radiation by filtering except for 
the normal component required for the 
particular color temperature desired. 
The approximate effective color tem- 
perature of various carbon-cored arc 
sources is given in Table I. 

For any particular arrangement of 
the metallograph, the color tempera- 
ture of the illuminating source may be 
measured by one of several available 
color temperature meters, such as the 
Harrison meter. By photometric filters 
accompanying such a color meter, the 
color temperature of the source may be 
raised or lowered to match that of the 
color emulsion used. 

Because of selective chromatic ab- 
sorption by the glass components of the 
microscope system and the introduc- 
tion of spurious colors arising from re- 
sidual chromatic errors in the condens- 
ing lenses, the spectral quality of the 
illumination incident on the specimen 


Green-Yellow Illumination, 5700 A, 


Ultraviolet Radiation, 3650 A, 


surface may be different from that of 
the source which was initially adjusted 
to match the photographic emulsion. 
This total color imbalance may not be 
significant at a magnification of about 
100 diameters. However, for the most 
critical work at moderate and high 
magnifications the noticeable color de- 
ficiency in the image may be eliminated 
by compensating filters. 

Photographic Exposure. The latitude 
of photographic exposure of color emul- 
sions is narrow and hence to secure 
proper color rendition in the final pho- 
tomicrograph the correct exposure time 
must be known accurately. Conven- 
tional photographic exposure meters 
are not suitable in photomicrography. 
Comparative methods with black and 
white trial-exposure standards have 
been described in “Symposium on 
Metallography in Color’, ASTM Special 
Technical Publication 86, 1948. 


Table I. 
Direct 


Current, 
amp 


Effective Color Temperature 


Anode 
Diameter, 
mm 


Effective 
Color 
Temperature, °K 
45 8 3645 
5 8 3680 
5 3750 
10 3820 
64 3475 


Color Emulsions. Of the various color 
emulsions available, the single-exposure 
type is usual in color photomicrography 
because of convenience in photographic 
exposure and processing. 

Color emulsions in the form of cut 
film suitable for the purpose are East- 
man Kodak Ektachrome (daylight) and 
Ansco Color (daylight), balanced at 
color temperatures of 5900K; Ekta- 
chrome B and Ektacolor B at a color 
temperature of 3200 K; and Ansco Color 
(tungsten) at 3400K. Although not so 
convenient from the standpoint of size 
and flexibility in handling, 35-mm 
Kodachrome daylight and Type A 
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(tungsten) may be successfully used. 
These emulsions, however, must be 
processed and developed by the film 
manufacturer. 

A finished color photomicrograph 
may be obtained in the form of a color 
transparency or as a color print. In 
general, the procedure involving color 
printing (because of the multiplicity of 
operations) presents more possibilities 
for departure from true color balance 
in the final photomicrograph than in 
the more simplified processing of color 
transparencies. However, exceedingly 
high-quality opaque color reproduc- 
tions can be secured if proper atten- 
tion is given to details of the procedure. 

Positive transparencies are secured 
directly through the use of Koda- 
chrome, Ektachrome or Ansco Color 
emulsions. From these positive trans- 
parencies, opaque color prints may be 
obtained by printing on Ansco Printon 
paper, or through the more compli- 
cated process of color printing by the 
Kodak dye transfer method. Of the two 
reproduction methods, the dye transfer 
process is the more expensive and tech- 
nically complicated, but renders by far 
the better color print with regard to 
brilliancy of colors and faithful color 
reproduction. 

Alternate to printing of positive trans- 
parencies as described, but at the sac- 
rifice of high-quality reproductions, a 
color “negative” of complementary col- 
oring may be secured on Kodak Ekta- 
color emulsion. From this negative, 
positive transparencies may be obtained 
by printing on Ektacolor print film, or 
opaque color reproductions secured by 
the use of Kodak Pan Matrix film and 
a process similar to the dye transfer 
method. 

Emulsion Processing. The processing 
of color emulsions in the laboratory is 
tedious but not difficult. It is impera- 
tive, however, to follow explicitly the 
recommendations of the manufacturer 
in order to secure satisfactory results. 
Processing directions are contained 
within the developing reagent kit ap- 
propriate for a given color emulsion. 
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Fig.6. Illustrating the Excellent Performance of a Reflecting-Type Microscope Objective at Different Total Magnifications 
and under Two Different Wavelengths of Radiation, 
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Electrolytic Polishing and 
Etching 


Electropolishing is most useful in the 
metallography of stainless steels, cop- 
per alloys, aluminum alloys, magne- 
slum, zirconium and other metals diffi- 
cult to polish by conventional mechan- 
ical methods. The electrolytic tech- 
nique can remove completely all traces 
of worked metal remaining from the 
cutting and grinding operations. 

Electro-etching can develop easily 
and quickly certain structures extreme- 
ly difficult to reveal by ordinary chem- 
ical etching. 

Theory. An adequate but simplified 
theory of electrolytic polishing was 
developed by P. A. Jacquet in 1936. The 
mechanism is preferential solution of 
the “hills” or high flaws on the rough 
surface, such as result from grinding, 
until they are completely removed and 
the surface becomes flat and smooth. 
When such a rough surface is made 
the anode of an electrolytic circuit, it 
becomes coated with a viscous film of 
a complex salt solution formed by the 
reaction between metal and electrolyte. 
This layer of solution, known as the 
polishing film (Fig. 7), has a very high 
electrical resistance. The resistance at 
a peak A, represented by the distance 
AB, will be lower than at depression C, 
represented by the distance CD, be- 
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Mechanism of Electro- 


cause the film is thinner at AB. The 
current at A will be considerably higher 
than at C, causing the metal at A to 
dissolve until the surface becomes flat 

The actual stages of electropolishing 
vary in different electrolytes. The sim- 
ple relationship where polishing occurs 
at any one of a continuous range of 
currents and voltages is shown in Fig. 
8. At low voltages, a film forms on 
the surface and no current passes. At 
these lower voltages, etching occurs 
but not polishing. At higher voltages, 
polishing occurs. The perchloric acid 
baths used for aluminum conform to 
this relationship. 

A more complex relation, frequently 
encountered, is shown in Fig. 9, and 
has the following stages: (1) the cur- 
rent density increases proportionately 
with the potential; some metal dis- 
solves and the surface has a dull etched 
appearance; (2) the polishing film is 
formed; as the film builds up, the re- 
sistance increases and the current 
drops; (3) finally, the film reaches a 
point of equilibrium and _ polishing 
occurs; during this stage, current den- 
sity remains constant even though the 
single-electrode potential is increased; 
and (4) a new reaction, usually the 
formation of gas bubbles, occurs in the 
electrolyte. These bubbles break the 
film and severe pitting occurs. 

Electrolytes of the sulfuric-phosphoric 
acid and chromic-acetic acid types 


used for stainless steels typify this 
four-stage relationship. 

Apparatus and Procedure. The equip- 
ment used for electropolishing can vary 
from the simplest arrangement of dry 
cells to elaborate arrays of rectifiers 
and electronic control devices. Such 
apparatus is available commercially 
The choice of equipment depends on 
the number and type of samples to be 
treated and the versatility and control 
desired. 

Electropolishing and electro-etching 
apparatus consists of three essential 


PRECAUTIONS 


Because explosions have oc- 
curred with electrolytes con- 
taining acetic anhydride and 
perchloric acid, extreme caution 
is necessary in using them. 
Some companies prohibit the 
use of these solutions in their 
laboratories. Glacial acetic acid 
can usually be substituted for 
the acetic anhydride, thereby 
decreasing the danger of explo- 
sions. When glacial acetic acid 
is substituted, the characteris- 
tics of the bath may be slightly 
changed and the current den- 
sity may have to be adjusted to 
obtain the desired results. 

If acetic anhydride is used, 
the constituents should be mixed 
with great care. The anhydride 
should be added to the per- 
chloric acid at a rate no greater 
than one drop in 10 sec. During 
this mixing and the subsequent 
polishing operations, the bath 
should be cooled by wet ice or 
by a mixture of dry ice and 
acetone. If at any time the 
temperature of the electrolyte 
rises above 75F, all operations 
should be stopped until the 
temperature returns to normal. 
At no time should organic ma- 
terials such as bakelite, cotton, 
wood or wool be allowed to 
come in contact with a bath 
of this type. 

All of the recommended pol- 
ishing and etching baths should 
be used in a hood to remove 
dangerous and disagreeable 
odors. Most of the solutions 
are corrosive and should not be 
allowed to come in contact with 
the skin. 


parts: the current source, the electro- 
lytic cell and the electrical controls. 
The source (batteries, d-c generators 
or rectifiers) should deliver a constant 
supply of direct current at 100 volts or 
more. Unless the setup is for ex- 
tremely routine work, provision should 
be made for controlling voltage and 
current. Variable resistances of the 
slide-wire type are frequently used 
The cell is simply a dish containing 
the electrolyte, in which are suspended 
the cathode and anode. The cell is 
usually glass, but may be of wax-type 
material for solutions containing fluo- 
ride ions. Sometimes a stainless steel 


cell is used, which may serve also as 
the cathode. 


Frequently, the cell is 


ntia ~ 


Schematic Relation Between 


Fig. 8 
Current Density and Single-Electrode 


Potential for Solutions Having a 

Polishing Action over a Wide Range 

of Voltages and Currents (J. 
Waisman) 


surrounded by water or some other 
coolant. For many applications, a stir- 
rer in the electrolyte is necessary 

The cathode will vary with the re- 
agent and the sample to be treated 
It may lie horizontally on the bottom 
of the cell or may be suspended ver- 
tically a short distance from the anode 
The sample to be polished serves as 
the anode; it should be arranged for 
quick removal from the solution. The 
electrical connection to the anode 
should be simple and easily broken so 
the sample may be rinsed immediately 
after polishing or etching. 

Prior preparation varies greatly. Usu- 
ally the sample is mechanically pol- 
ished through 000 paper or its equiv- 
alent before electropolishing. For some 
applications, notably macro-examina- 
tion, no grinding is necessary; however, 
electropolishing is usually most rapid 
on a finely ground surface 

Solutions most frequently used for 
electrolytic polishing and etching are 
summarized in Tables II and III. Only 
those baths of proven value for metal- 
lographic purposes are included 

Precautions to be observed with elec- 
trolytes containing acetic anhydride 
and perchloric acid are given in the 
box at left. 


Cathodic Vacuum Etching 


When a metal is made the cathode in 
a vacuum glow discharge system, sub- 
jecting it to bombardment by positive 
gas ions, some of the metal is ejected 
from the surface. The dislodged atoms 
diffuse through the gas and deposit on 
the walls of the vacuum system or on 
the electrodes. This process, called sput- 
tering, has been used for many years 


Single Electrode Potentia ~ 


Fig. 9. Electrical Conditions for 
Electrolytes That Polish at a Marly 
Constant Current Density (J. L 


Waisman) 
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Table IL. 


Metal Bath Composition 


Aluminum 7 parts perchloric acide 
13 parts acetic anhydride 


Aluminum 
4 parts ethy! alcohol 


Aluminum 1 part nitrie acid (cone) 


2 parts methy! alcohol 


Beryllium 3 parts orthophosphoric acid 


1 part chromic acid 
Bismuth 1 part glacial acetic acid 
1 part nitric acid 
4 parts glycerol 
Brass 3 parts orthophosphoric acid 
5 parts distilled water 
Brass 4 parts orthophosphoric acid 
6 parts distilled water 


Bronze 2 parts orthophosphoric acid 


1 part distilled water 
sronze 67 parts orthophosphoriec acid 
10 parts sulfuric acid (conc) 
23 parts distilled water 
Bronze 47 parts orthophosphoric acid 
20 parts sulfuric acid (conc) 
33 parts distilled water 
Cadmium 45 parts orthophosphoric acid 
55 parts distilled water 
Chromium 1 part perchloric acid®& 
20 parts glacial acetic acid 


Cobalt Orthophosphoric acid 


Copper 42.5 parts orthophosphoric acid 


17.5 parts distilled water 


Copper 

6 to 7 parts distilled water 

Lead 41 parts perchloric acid® 

151 parts acetic anhydride 
8 parts distilled water 


Lead and 


Lead Alloys 4 parts ethyl alcohol (96%) 


1 part perchloric acid (20% )* 


4 parts ethyl alcohol (96", ) 


Magnesium 
5 parts ethy! alcohol (96% ) 
Magnesium 1 part hydrochloric acid 
9 parts ethylene glycol 
mono-ethyl ether 
Magnesium 50 parts perchloric acid® 
140 parts distilled water 
760 parts ethyl alcohol 
Molybdenum 1 part sulfuric acid (cone) 
4 parts distilled water 
Molybdenum 
2 parts sulfuric acid (conc) 


3 to 4 parts orthophosphoric acid 


1 part perchloric acid (20% )* 


3 parts orthophosphoric acid 


5 parts hydrochloric acid (cone) 


Recommendations for Electrolytic Polishing 


Temperature 


24 75 


1 part perchloric acid (20°) )® 


16 to 27 60 to 80 


‘16 to 27 60 to 80 


2l1to24 


24 


16 to 27 60 to 80 


24 


38 
max 


38 
max 


24 


2 35 


max max 


24 


52 


24 


max § max 


15 parts methyl! alcohol (95°; ) 


*DANGEROUS. Before mixing or 
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using this reagent, read the precautions given in box on page 169. 


Electrical 
Conditions 


22 to 25 volts 


0.01 to 0.02 amp, sq cm 


30 to 80 volts 
to 4 amp,sq em 


4 to 7 volts 
10 to 2.8 amp 


2.5 amp/sq cm 


12 volts 


1.9 volts 


0.13 to 0.15 amp. sq em 


1.9 volts 


0.09 to 0.11 amp/sq em 


10 to 20 volts 
08 amp sq em 


2.0 to 2.2 volts 
0.1 amp, sq ecm 


2.0 to 2.2 volts 
0.1 amp, sq cm 


2 volts 
0.05 amp, sq em 


45 volts 


0.15 to 0.2 amp/sq cm 


1.2 volts 


1.0 to 1.6 volts 


0.05 to 0.10 amp sq em 


1.5 to 18 volts 
0.06 to 0.08 amp. sq cm 


110 volts 
0.1 amp/sq em 


18 to 25 volts 
2 to 3 amp/sq cm 


15 to 28 or 241035 volts 
30to750r40to 75 
amp, sqem 
12 volts 
15 amp,sqem 

25 to 35 volts 
3to4 amp sq ecm 


2.5 amp/sqem 


1.5 volts 
0.01 amp sq em 


50 to 60 volts 
06 to 09 amp sq em 


3 to 9 volts 


19 to 35 volts 


Cathode 
Material 


Stainless 
steel 


Stainless 
steel 


Stainless 
steel 


Lead or 
graphite 
Stainless 
steel 


Copper 


Copper 


Stainless 
steel 


Copper 


Copper 


Nickel 
Stainless 
steel 


Stainless 
steel 


Copper 
Copper 


Copper 


Stainless 
steel 


Stainless 
steel 


Stainless 
steel 

Stainless 
steel 


Stainless 
steel 


Stainless 
steel 
Stainless 


steel 


Nickel 


Stainless 
steel 


Stainless 


steel 


Time 


3 to 4 min 


10 to 60 sec 


20 to 60 sec 


60 sec 


lto5 min 


10 to 15 min 


10 to 15 min 


10 to 20 sec 


15 min 


15 min 


30 min 
3 to 4 min 
3 to 5 min 
10 to 40 min 
10 to 15 min 


15 min 


10 sec 
10 sec 
10 sec 


10 sec 


45 to 60 sec 
in 
20-sec steps 


3to5 min 


10 to 30 sec 


60 sec 


25 to 35 sec 


25 to 35 sec 


Remarks 


Should be stirred 
Works best after 1 
g per liter of Al is 
dissolved 


Stir to prevent over- 
heating. Good for 
alloys except those 
containing more 
than 2% Si 

Mix reagents care- 
fully. Used also for 
aluminum alloys. 


Should be used un- 
der a hood 


Used also as an elec- 
trolytic etch. 


Used for alpha 
brass. 


Used for alpha-plus- 
beta brass. Not 
good for leaded 
alloys. 


For bronze contain- 
ing up to 6% Sn. 


For bronze contain- 
ing more than 6% 
Sn. 


Bath not agitated. 


Suitable for alloys 
except tin bronzes. 


Not entirely repro- 
ducible 


Good for pure lead 
(99.99',). Danger- 
ous if overheated. 
Good for lead with 
2 or 5% Sn. 
Lead with 40% Sn. 
Pb - 50°% 
17% Cd 
Lead with 1% 
1% Sb. 


Sn- 


Sn, 


Bath should be 
stirred and kept 
cool, 


Good for sintered 
molybdenum. 


Mix reagents care- 
fully. Good for 
sintered & cast Mo. 
Use in ice bath. 
Avoid contamina- 
tion with water 


— 
82 180 — 
24 75 
24 75 
max 
max 
| 
‘ 
75 
4 — 


Metal 


Nickel 


Nickel 


Steel and 
Iron 


Steel and 
Iron 


Steel and 
Iron 


Steel and 
Iron 


Steel and 
Iron 


Steel and 
Iron 


Steel and 
Iron 


Iron 


Steel and 
Iron 


Steel and 
Iron 


Tin 


Tin 


Titanium 


Titanium 


Uranium 


Uranium 


Zine 


Molybdenum 


Steel and 


Titanium 


Bath Composition 


1 part sulfuric acid (conc) 
7 parts methyl alcohol 


39 parts sulfuric acid (conc) 
29 parts distilled water 


1 part perchloric acid® 
2 parts 


1 part perchloric acid® 


--Temperature-, 


acetic acid 


20 parts glacial acetic acid 


56 parts orthophosphoric acid 


24 


75 


44 parts distilled water 


2 parts perchloric acid® 
7 parts ethanol 


1 part methylcellosolve 


or glycerine 


“16 to 32. 


5 parts perchloric acid® 
75 parts ethyl alcohol (95%) 
14 parts distilled water 


6 parts perchloric acid® 
94 parts ethyl alcohol 


1 part perchloric acid® 


2 parts acetic anhydride 
(Let bath stand 24 hr before use) 


185 parts perchloric acid® 
765 parts acetic anhydride 

50 parts distilled water 
(Solution made 24 hr before use) 


1 part perchloric acid® 


4 parts glacial acetic acid 


19 parts glacial acetic 


63 parts perchloric ac 


1 part perchloric acid®& 
10 parts glacial acetic 


) 


12 


194 
B06 


60 
350 
590 


90 
10 


25 g zine chloride (ZnCl) 


part chromic acid 


acid 


acid 


id® 


parts glacial acetic acid 


parts distilled water 


parts perchloric acid® 


part 


acetic anhydride 


parts perchloric acid® 


part 


parts methyl alcohol 


ml ethyl alcohol 
ml n-butyl alcohol 


(add slowly) 


ml glycerine 


5 g barium fluoride 


butyl cellosolve 


5 ml sulfuric acid (conc) 


5 part 
8 part 


5 parts orthophosphoric acid 
ethylene glycol 


1 


ethyl alcohol 


part chromic acid 


(50 g CrOs, 60 ml water) 


3 parts glacial acetic acid 


4 parts ethyl alcohol (96°,) 


9° 


solution of 
potassium hydroxide 


ethy! alcohol 


185 parts orthophosphoric acid 
315 part 


16 to 21 60 to 70 


17 to 19 


24 to 30 


ig aluminum chloride (AlCly) 


1 part perchloric acid (20% )*® 


24 


24 


24 


21 


38 
max 


60 to 90 


21 to 24 70to 75 


75 


"5 


62 to 66 


75 


70 to 90 


75 


75 to 85 


70 


45 


100 
max 


Electrical 
Conditions 


12 to 18 volts 
@2to05amp sqcem 


amp sqcem 


50 volts 


45 volts 
0.2 amp,/sq em 


0.15 to 2 volts 
0.01 amp sq cm 


5 to 15 volts 
0.5 to 2.2 amp, sq cm 


20 to 30 volts 
1.3 amp, sq cm 


7 35 to 40 volts 


50 volts 
0.06 amp, sq cm 


50 to 60 volts 
15 to25 amp 


100 volts 
02to05 amp sqem 


50 to 60 volts 
15to25 amp 


20 volts 
04 amp. sqem 


2 to 30 volts 


0.1to 0.15 amp sq cm 


25 to 40 volts 


0.1to0.15 amp sqem 


58 to 66 volts 
2to 3 amp, sq em 


30 to 60 volts 
0.2 to 1.0 amp,/sq em 


90 volts 
O04 amp sqem 


18 to 20 volts 
0.01 amp, sq em 


80 volts 
0O8to l6amp sqcem 


50 volts 
08 amp sqcm 
100 volts 
06 amp sq ecm 


45 to 60 volts 
2to 3 amp sq em 
20 to 45 volts 
12to19 amp sqem 
35 to 60 volts 
lto2 amp sq em 


2 to 6 volts 
0.16 amp cm 


25 volts 
002 amp sq em 


Table If. Recommendations for Electrolytic Polishing (continued) 


Cathode 


Material Time 


Stainless 30 to 90 sec 
steel or 

platinum 

Nickel 4to6 min 
Stainless lmin 
steel 


Stainless 3 to4 min 
steel 


Iron 
Stainless 0O5to2 5sec 
steel 10 to 15 sec 
20 to 30 sec 
Stainless 40 to 60 sec 
steel 
Stainless 15 to 60 sec 
steel 


Steel or 4to5 min 


aluminum 

Stainless 0O5to2min 
steel 

Stainless 1 to 25 min 
steel 


Stainless 0.5 to 2 min 
steel 

Stainless Several 
steel minutes 

Tin 10 min 

Tin Several 


minutes 
Stainless 40 sec 
steel 


Stainless 1 to 6 min 


steel 


Stainless 1 to 2 min 


steel 


Stainless to15 min 


steel 


Stainless 5 to 30 sec 


steel 


Stainless 10 sec 
steel 

Stainless 30 sec and 
steel 10-sec 

intervals 

Stainless 10 sec 
steel 

Stainless 10 sec 
steel 

Stainless 
steel 10 sec 


Copper 15 min 


Nickel or 
stainless 
steel 


30 min 


*DANGEROUS. Before mixing or using this reagent, read the precautions given in box on page 169 


Mix reagents 


JULY 15, 


Remarks 


care- 
sintered 
Mo 


For 
Mo or 


fully 
or cast 
alloys 
Mix reagents care- 
fully 


“Good for ingot iron 


carbon steel and 


stainless steel 


For iron and silicon 
iron 


High speed steel 
Carbon and alloy 
steel 

Stainless steel 


Satisfactory for cast 
steels 

Good for stainless 
steel 


Good for austenitic 
steels. 


For carbon and low- 
alloy steels 


For carbon and low- 
alloy steels 


Not always repro- 
ducible 


Stir bath if time ex- 
ceeds 8 to 10 min 


Polishes only. 


Agitate solution. 


Solution heats up 
during polishing 


Keep bath cool. 


For pure Zn 


(99 99°.) 

For crude Zn with 
2.) Pb, 1% Sn and 
02 Fe 

For 16 and 4% Cu 
alloys 

For Zn with 4% Al 
and 1 Cu 

For Zn with 7 Al 
and 4 Cu 
Agitate bath with 
air or nitrogen 
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= 35 95 
max max 


Table I. Recommendations for Electrolytic Polishing (continued) 


--Temperature-, Electrical Cathode 
Metal Bath Composition <— 7 Conditions Material Time Remarks 
Zine 144 ml ethyl alcohol 10to15 50 to 58 25 to 40 volts Stainless 05to3min For high-purity Zn 
10 g AlCls (anhyd) 


steel Solution slowly 
45 ZnCly (anhyd) agitated 
32 ml water 
16 ml n-butyl alcohol 


12 to 18 volts Stainless 45 sec Rinse in mild acetic 
0.02 to 0.5 amp steel acid solution. 


Zirconium 1 part perchloric acid (60% )® 24 75 
10 parts glacial acetic acid 


Zirconium 6 parts perchloric acid& 24 75 
35 parts butyl cellosolve 
59 parts methyl! alcohol 


70 to 75 volts Stainless 15 sec Polishes and etches 
2.5 to 3.5 amp,sq cm steel 


simultaneously 


Zirconium 2 parts hydrofluoric acid 24 15 


9 to 12 volts Stainless lto10min Serves as both pol- 
1 part nitric acid steel ish and etch 
20 parts glycerine 


*DANGEROUS. Before mixing or using this reagent, read the precautions given in box on page 169. 


Table IIL. Receommendations for Electrolytic Etching 


--Temperature— Electrical Cathode 
Metal Bath Composition °F 


Conditions Material Time Remarks 
Aluminum 49 parts methyl alcohol <24 <75 30 volts Aluminum lto2min Produces grain con- 
49 parts distilled water trast with polar- 
2 parts hydrofluoric acid 


ized light 


Aluminum 70 parts orthophosphoric acid 20 68 50 volts Carbon 5to20 min Produces grain con- 
25 parts distilled water trast with polar- 
26.5 parts carbitol ized light. 
1 part hydrofluoric acid 
Aluminum 100 g citric acid 24 75 12 volts Carbon 1 min For duralumin-type 


3 ml hydrochloric acid 
20 mil ethyl aleohol 
Water to make 1 liter 


0.2 amp, sq cm 


cast alloys 


Aluminum 


210 parts orthophosphoric acid 24 75 0.75tol2amp sqem Stainless 15to25min For 2S & 3S Al. 
45 parts amyl alcohol 


steel 
65 parts distilled water 


Beryllium Fuming nitric acid 24 75 18 volts Stainless 20 to 40 see 
steel 
Brass 3 parts orthophosphorie acid 16 to 27 60 to 80 0.01 amp sq em Copper Few Alpha and beta 
5 parts water seconds brass. 
Brass 4 parts orthophosphorie acid 24 75 0.008 to0.01l2amp,/sqem Copper Few Alpha brass 
6 parts water seconds 
Bronze 67 parts orthophosphoric acid 24 75 0.8 volt Copper 30 sec For bronze contain- 
10 parts sulfuric acid (cone) ing up to 6) Sn 
23 parts distilled water 
Bronze 47 parts orthophosphorie acid 24 15 0.8 volt Copper 30 sec For bronze contain- 
20 parts sulfuric acid (cone) ing more than 6’, 
33 parts distilled water Sn 
Cobalt Orthophosphoric acid 24 75 1.2 volts Stainless Few Agitate bath 
steel seconds 
Cobalt and 5 parts hydrochloric acid 24 75 6 volts Platinum 10 sec Cathode distance, 
Alloys 1 to 10 parts chromic acid (10%) or stain- 44 to lin 
less steel 
Cobalt and 10 # chromic oxide (CrOs) 24 75 6 volts Platinum 10 sec Cathode distance, 
Alloys 90 mil water or stain- 3, to 1 in 


less steel 


Cobalt Alloys 5 to 10° hydrochloric acid 24 75 3 volts Carbon 1 to 5sec 
Copper 2 parts orthophosphoric acid 24 75 08 volt Copper 30 sec Suitable for alloys 
1 part distilled water 


except tin bronzes 


Copper 30 # ferrous sulfate 8 to 10 volts 15 sec Darkens beta in 
44 sodium hydroxide 


amp brass 
100 mil sulfuric acid 
1900 ml water 
Germanium Oxalic acid 2 75 4 to 6 volts 10 to 20sec Grain boundary 
(100 | water) etch. 
Gold Alloys Potassium cyanide (5%) 24 75 5 volts Stainless 20 to 60 sec 
0.02 amp/sq cm steel 
Molyb- Oxalie acid (0.5% ) 52 125 3 to 9 volts Stainless 5 see ~ 
denum 


steel 


*DANGEROUS. Betore mixing or using this reagent, read the precautions given in box on page 169. 
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Metal 
Molyb- 


denum 


Nickel and 
Alloy 


Nickel and 
Alloys 


Nickel and 
Alloys 


Nickel and 
Alloys 


Platinum 


Steel 


Steel 


Steel 


Steel 


Steel 


Steel 


Tantalum 


Thorium 


Tin 


Tungsten 


Uranium 


Uranium 


Vanadium 


Zine 


Zine 


Silver Alloys 


2 g picric acid 
25 g sodium hydroxide 
100 mil distilled water 


1 part hydrochloric acid 
10 parts methyl! alcohol 


1 part sulfuric acid 
19 parts water 


1 part perchloric acid® 
15 parts water 


5 parts perchloric acid® 
13 parts glacial acetic acid 


4 parts citric acid 
1 part nitric acid 
195 part 


1 part chromic 
10 parts 


1 part hydroch 
9 parts water 


5 to 
13 to 15 parts glace 


1 part chromic 
5 parts water 


Tal 
able TIT. 


Bath Composition 


Sodium hydroxide (10%) 


Chromic acid (10% ) 


2 parts nitric acid (conc) 
1 part glacial acetic acid 
17 parts water 


Oxalic acid (10%) 


Sulfuric acid (3%) 


Sodium cyanide (10% ) 


Citric acid (10°) ) 


Chromic acid (10%) 


Sodium cyanide (10%) 


Oxalic acid (10% ) 


1 part nitric acid 
1 part glycerine 
3 parts hydrochloric acid 


1 part nitric acid 
1 part water 


Ammonium persulfate 
(10 to 100 g | water) 


Sodium hydroxide 
(400 g | water) 


50 ¢ ammonium molybdate 
100 ml hydrochloric acid 
75 mi nitric acid 


Water to make 1 liter 


water 


plus few drops nitric acid 


Sodium hydroxide (10 g,/1 water) 


Sodium hydroxide (10° ) 


Recommendations for Electrolytic 


--Temperature— 


4 

15 


24 75 


24 15 
15 
OS 


24 75 


24 75 


24 75 


24 75 


24 75 


21 to 32 


24 75 


70 to 90 


Electrical 
Conditions 


1.5 to 3 volts 


1.5 volts 


15 volts 


15 to 6 volts 


6 volts 


6 volts 


6 volts 
amp sqen 


6 volts 


3 volts 


3 volts 


3 volts 


=e 3 to 6 volts 


1.5 volts 


230 volts 
15 amp, sq em 


6 volts 
0.1to05 amp 


6 volts 


0.1 to 0.5 amp 


1.5 to 2 volts 


12 volts 


03 amp. sq em 


6 volts 


35 volts 


15 volts 


1.5 to 3 volts 


0.01 amp ‘sq cn 


acid 
aceti 


glacial acid 


lorie acid 


7 parts pere 


acid 


hloric acid® 
ial acetic acid 


24 75 


*DANGEROUS. Before mixing or using this reagent, read the precautions given in box on page 169 


3 to 6 volts 


0.01 amp/sq em 


12 volts 
lamp, sq cm 


0.03 to 0.06 amp sq em 


08 to 12 amp/sq em 


Cathode 
Material 


Platinum 
or stain- 
less steel 
Platinum 


or stain- 
less steel 


Platinum 


Stainless 


steel 


Stainless 
steel 


Stainless 
steel 


Stainless 
steel 


Stainless 
steel 
Stainless 
steel or 


carbon 


Stainless 
steel 


Stainless 
steel 


Stainless 
stee! 
Stainless 


steel 


Stainless 
steel 


Carbon 


Stainless 
steel 


Tin 


Platinum 


or stain- 
les 


n Stainless 


steel 


Stainless 


steel 


teel 


Etching (continued) 


Time 


lto 5sec 


lto3sec 


20 to 60 sec 


15 to 30 sec 


5 to 30 sec 


2to5 min 


15 sec 


30 sec 


Remarks 


Good for nickel al- 
lovs. Excellent for 
grain size 


Good for Inconel 


Shows carbides and 
grain boundaries 
Inconel and nickel- 
chromium alloys 


General use 


General use 


steel 
iron car- 


Low-allos 
Stain 
bide 


Variable 


Variable 


Variable 


10 sec 


Up to 


2 min 


1 to 2 sec 


5 to 15 see 


Z2to3min 


3 to 10 see 


100 to 200 


see 


to 5 see 


10 min 


lto3 min 


Austeniticor ferritic 
Attacks 
and 


stainle 


carbide 


Outlines chi 
in molybdenum 
steel 


phase 


Stainles 
Eteche 


(16-25-06) 


austenite 


Austeniticor ferriti 
stainles 
grain boundaries 


Ferritic and mar- 
tensitic grain-size 
etch 


For Fe-Cr-Ni alloys 
Attacks carbice 


ferrite and austen- 
ite in that order 


Colors sigma and 
carbides but not 
ferrite 


For 18-8, Nichror 
and high-nickel 
alloys 


General etch 


jath not stirred 


For 


tungsten and 


ten carbide 


Outlines grain 
boundari 


Outline 


boundari 


vrain 


Stainless 
teel 


Copper 


Platinum 


Fey 


second 


Few 


seconds 


10 sec 


JULY 15, 


Differentiate 
ma and epsilon in 
Cu-Zn alloys 
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Fig. 10. 
Stainless Steel (bottom). 


Interface Area Between Cobalt-Base Hard Facing Alloy and Type 304 


Cathodically vacuum etched 3 min in argon at 50 


microns pressure, 4300 volts, and current density 3.5 milliamperes per sq cm. 


to form films of metal on an appropri- 
ate base, as in the coating of mirrors. 
The removal of metal from the cathode 
surface is not completely random but 
is related to the microstructure of the 
cathode; when examined microscop- 
ically, the etched surface is similar in 
appearance to that produced by chemi- 
cal or electrochemical etching. This ap- 
plication of sputtering to the develop- 
ment of macrostructures and micro- 
structures of metallographic specimens 
is called cathodic vacuum etching. 

The glow discharge is established by 
applying a high potential between two 
electrodes (one of which is the speci- 
men) in a partial vacuum. Such a dis- 
charge can be maintained under various 
conditions of pressure, types of residual 
gas, electrode dimensions and tempera- 
ture, as well as electrical potential, cur- 
rent and rectification. 

Early experimenters encountered vari- 
ous technical difficulties and etched- 
surface artifacts on specimens so etched. 
Under some conditions the optical con- 
trast of the resulting microstructure de- 
pended entirely on preferential staining 
that occurred concurrent with etching. 
In 1949, D. M. McCutcheon revived in- 
terest in the method with his work on 
flowline macrostructures. Today, a va- 
riety of metals and alloys can be ca- 
thodic vacuum etched to equal or exceed 
the quality of etching produced by 
chemical or electrochemical means. 
The method can produce well defined, 
stain-free structures in which inclu- 
sions are preserved and interfaces are 
clearly revealed, despite diversities in 
chemical activity of the structural com- 
ponents. Dissimilar metal couples, which 
are among the most difficult specimens 
to etch by conventional methods, can be 
etched satisfactorily, as shown in Fig. 
10. However, the technique is limited in 
this application by the relative etching 
rates of the two metals comprising the 
couple 

The probability of success with any 
particular metallic couple can be esti- 
mated from the relative sputtering 
rates, as given in the book by J. Strong 
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cited in the list of references on page 
177. For example, silver-cadmium al- 
loys coupled with steel, and zinc coupled 
with iron, do not respond satisfactorily 
to cathodic vacuum etching because of 
the great differences in sputtering rates 
between the components. Tolerable dif- 
ferences in rate are found to exist in 
couples of steel with cupro-nickel, steel 
with cobalt-base alloys, and others. 

The contrast of cathodically vacuum 
etched structures is generally satisfac- 
tory for bright-field examination. How- 
ever, those structures that derive con- 
trast through preferential staining 
when etched chemically do not display 
vivid contrast when etched cathodically 
unless some staining occurs during the 
etching process. The fact that stain- 
free surfaces can be secured is not al- 
ways advantageous in optical metal- 
lography, but is of particular assistance 
to the electron metallographer in secur- 
ing high-quality replicas of such etched 
surfaces. 

The process of cathodic vacuum etch- 
ing is inefficient with respect to metal 
removal, since some of the incident en- 
ergy is expended in heating the speci- 
men undergoing bombardment. At 
times, the temperature of the specimen 
may be raised high enough to alter the 
specimen structure radically, particu- 
larly on the etched surface. This situa- 
tion, however, can be prevented by 
means of a heat sink, as illustrated in 
Fig. 11, or by a recirculating coolant sys- 
tem to the specimen supporting fixture. 

The equipment for cathodic vacuum 
etching may be obtained commercially, 
or the basic components (such as a 
high-voltage source, diffusion pump, 
mechanical vacuum pumps, vacuum en- 
closure, etc) assembled to meet specific 
laboratory requirements. Good results 
have been secured in the use of units 
designed around conventional evapo- 
rators of the type used for shadowing 
replicas for electron microscope work. 
In the operation of such equipment, 
numerous variables of the process must 
be considered, and the operating condi- 
tions properly chosen to produce true 


metallographic structures free from 
artifacts that may arise from redeposi- 
tion of sputtered metal. 

In the use of equipment that provides 
for cooling of the specimen, a single set 
of electrical and pressure conditions in 
a system of fixed geometry ‘Fig. 11) is 
generally satisfactory for etching a va- 
riety of metals of different shapes and 
sizes. This includes zirconium, uranium, 
nickel, aluminum, copper, stainless 
steel, copper-nickel alloys and others 

The establishment of the above con- 
ditions facilitates the use of high ion 
current densities, and etching time is 
the controlling variable. With efficient 
cooling of the cathode specimen, etch- 
ing times of 1 to 3 min are usually 
sufficient. With inefficient cooling and 
lower ion current densities, the time 
may be extended to 1 to 3 hr. Speci- 
mens to be etched for replication, as in 
electron microscopy, generally require 
about 50% longer etching times. 

Through development of the process 
the time and care formerly required to 
etch a specimen have been greatly re- 
duced. Although suitable for most met- 
als, the process is not a substitute for 
more conventional etching methods; 
rather, it is of value for etching those 
metals, alloys and metallic couples that 
do not respond satisfactorily to chem- 
ical or electrochemical etching  pro- 
cedures. 


Electron Metallography 


Two types of instruments that pro- 
duce enlarged images with an electron 
beam can be applied to metallography 
In one, the emission electron micro- 
scope, image contrast results from var- 
jiations in intensity of electron emission 
from a heated sample. In the other, 
the transmission electron microscope, 
image contrast is caused by variations 
in the transparency of the sample or 
a replica of it to an electron beam 

The emission electron microscope is 
still in a very early stage of develop- 
ment with perhaps no more than half 
a dozen instruments in existence. (De- 
scription of the emission microscope 
and discussion of its potential useful- 
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Fig. 11. General Arrangement of 
Components for Cathodic Vacuum 
Etching in a Bell Jar 


ness in metallography can be found 
in many of the references on electron 
metallography cited on page 177.) 
Transmission electron microscopes are 
available commercially, and hundreds 
of them are now being used in metal- 
lography. The discussion that follows 
deals with the available type. 

The Electron Microscope. The optical 
Similarities between light and electron 
transmission microscopes are shown in 
Fig. 12. Each component of the light 
microscope — source, condenser lens, 
objective lens, projecting eyepiece and 


ground viewing glass—has a corre- 
sponding component in the electron 
microscope. Source of the electron 


beam is an electron gun consisting of 
a tungsten hairpin filament and shield, 
maintained at some high negative volt- 
age, and a grounded anode ring. The 
heated filament emits electrons which 
are accelerated through the anode 
opening and pass down the column of 
the microscope as a “monochromatic” 
electron beam. The column of the 
electron microscope must be evacuated 
by pumps to a vacuum of 0.05 micron 
to prevent dispersion of the electron 
stream by collisions with gas molecules. 
A voltage of 50,000 accelerates the elec- 
trons to about half the velocity of light 
so that the beam has a wavelength of 
0.05 A, about 1/100,000 that of the green 
light frequently used in optical metal- 
lography. 

The lenses are specially shaped elec- 
tric or magnetic fields which focus the 
electron beam and produce an image, 
just as properly shaped glass focuses 
light rays. At present most electron 
microscopes are of the electromagnetic 
type; that is, the lenses are magnetic 
fields generated by solenoidal coils con- 
ducting direct current. The strength 
of the magnetic field and thus the 
focal length of the lens can be varied 
by changing the current in the lens 
coil so that control of the cone of illu- 
mination (hence control of the inten- 
sity), sharp focusing of the image, and 
selection of the magnification are all 
accomplished by adjusting the power 
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Fig. 12. Schematic Comparison of Light and Electron Transmission Microscopes 


supplied to the condenser, objective and 
projector lenses, respectively. 

Focal lengths of 2 to 4 mm and mag- 
nifications of 100 to 200 diameters make 
the objective lenses of electron micro- 
scopes comparable to the high-power 
objectives of light microscopes. A vari- 
able projector lens projects the image, 
further enlarged, on a viewing screen 
coated with phosphor, which fluoresces 
under bombardment by the electron 
beam. Direct instrument magnification 
can be varied from as low as 1000 up 
to 20,000 diameters ‘some models go as 
high as 80,000). Micrographs are made 
by permitting the electron beam to fall 
directly on an ordinary photographic 
emulsion either by drawing the viewing 
screen aside or by moving the plate or 
film into the beam above the screen. 
In printing, the record can be enlarged 
up to 8 times for a maximum useful 
magnification of 150,000 diameters. 

The relative intensity ‘(brightness of 
viewing screen or darkening of photo- 
graphic plate) at any point in the final 
image depends mainly on the scatter- 
ing power of the corresponding point 
in the specimen. This scattering power 
is the product of the local density and 
thickness and determines the percent- 
age of the electrons that are sufficiently 
deflected in passing through the speci- 
mens to be intercepted by the aperture 
stops. Metal specimens thicker than 
0.02 to 0.05 microns are opaque to the 
electron beam and therefore most metal 
structures must be examined by replica 
techniques, as described in a following 
section. 

Because of the severe spherical aber- 
ration of electron lenses, small aper- 
tures must be used to eliminate all but 
paraxial rays. For this reason, the 
numerical aperture of the objective is 
only about 0.002, and the great poten- 
tial improvement in resolution over the 
light microscope, because of the very 
short wavelength of the electron beam, 
is reduced considerably. The actual 
resolution of the electron microscope is 
about 100 times that of the light micro- 
scope but the necessity of using replicas 
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reduces the resolution gain to about 50 
times for metal samples 

The small numerical aperture of the 
objective results in great depth of field 
and focus; thus, the entire fleld of an 
electron micrograph will be in sharp 
focus, including any peaks and valleys 
on the specimen, so that electron stereo- 
micrographs are possible. 


Fig. 13. Schematic Representation o/ 
Negative Plastic Replica Technique 


Replica Techniques. Restriction to 
extremely thin specimens necessitates 
the use of thin replicas in electron 
metallography. Replica methods fall 
into three general classifications: (1) 
those that derive their contrast from 
the surface relief resulting from differ- 
ential etching of the components of 
the microstructure after polishing; (2) 
those deriving their contrast from dif- 
ferential chemical activity ‘such as 
rate of oxide formation) of the com- 
ponents of the microstructure, and (3) 
a relatively new type of replica for 
studying fine precipitates that gets its 
contrast from the electron scattering 
power of the precipitate particles them- 
selves. Detailed descripitions of the 
various replica methods can be found 
in the references to ASM and ASTM 
publications in the list on page 177. 

The sample surface is usually pre- 
pared about as for light micrography at 
highest magnification (3000 ~) Be- 
cause of the shallow etch, flowed metal 
must be carefully removed from the 
sample by alternate polishing and etch- 
ing. Electrolytic polishing and etching 
are frequently employed for soft metals 
in order to avoid smearing. The sam- 
ple must be well rinsed with alcoho! to 
remove all trace of etching stain from 
the surface. 

Surface Relief Replicas. Thin films 
or replicas with variations in trans- 
parency to the electron beam corre- 
sponding to variations of surface relief 
of the sample can be prepared in sev- 
eral ways. The negative plastic replica 
method is one of the most frequently 
used (Fig. 13). A dilute solution of 
plastic is flowed over the polished and 
etched surface and allowed to dry to a 
thin film. When dry and stripped from 
the sample, one side of the plastic film 
carries a reverse impression of the sur- 
face, resulting in variations in thick- 
ness or electron scattering power which 
give rise to contrast in the final image 

The contrast of a plastic replica is 
inherently low but can be enhanced by 
spraying or “shadowing” the replica 
surface with a thin film of chromium, 
uranium, platinum, or other metal by 
thermal evaporation in a vacuum sys5- 
tem. Figure 14 shows a negative plas- 
tic replica, shadowed with uranium, of 
a sample of 081% C steel quenched 
before the completion of isothermal 
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transformation to pearlite at 1250 F. 
The interlamellar spacing of the very 
finest pearlite that formed during the 
rapid cooling is less than 0.02 microns 
which is about 1/10 the limit of reso- 
lution of the light microscope. 

Shadowed plastic replicas are the 
easiest to prepare and do not damage 
the sample surface, so that a number 
of replicas can be made of the same 
prepared surface. Electron micrographs 
of shadowed replicas usually correlate 
well with the appearance of micro- 
structures in the optical microscope. 

If silica, beryllium, germanium or 
some other material of low electron 
scattering power is used for shadowing, 
the shadow film can be made thick 
enough to be self-supporting and yet 
be transparent to the electron beam. 
Thus, a heavy plastic replica of the 
sample surface can be dissolved away 
after vacuum metallizing and only the 
metal or metal oxide replica examined 
in the electron microscope. Figure 15 
shows a silica replica of coarse pearlite 
formed isothermally in a eutectoid car- 
bon steel. Replicas of this type have 
great stability in the electron beam and 
are useful for stereographic studies of 
samples with considerable relief, such 
as fracture surfaces or deeply etched 
structures, 

Replica granularity caused by the 
molecular structure of the plastic can 
be avoided by eliminating the initial 
plastic impression by spraying the 
shadowing material directly onto the 
sample surface. Thick metal or metal 
oxide replicas made this way usually 
can be removed from the surface only 
by dissolving the metal sample from 
beneath the replica so that the replica 
floats free. Thin metal films of chro- 
mium or platinum can be stripped by 
first depositing a monomolecular layer 
of a wetting agent such as boron oxide 
or sodium octyl as a parting layer be- 
fore shadowing. The thin metal replica 
must be backed with a thin film of 
plastic to support it during stripping 
and during examination in the electron 
microscope. These preshadowed plastic 


Fig. 14. 
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Shadowed Plastic Replica of 081° C Steel Partly 
Transformed to Coarse Pearlite and Quenched. 


replicas are excellent for surfaces with 
fine detail but little relief. 

Surface Film Replicas. The three 
general steps of this replica method 
are: (1) surface preparation; (2) de- 
velopment of a suitable surface film, 
and (3) stripping of this film. Although 
several types of surface films could be 
used for this technique, only surface 
oxide formation has been employed to 
the present time. Oxide replicas have 
proved useful for examining the sub- 
grain structure of aluminum, and the 
microstructures of stainless steels, nickel 
alloys and alnico magnetic alloys where 
it is difficult to develop sufficient dif- 
ferential relief for the surface relief 
type of replica. 

The surface is first prepared for film 
formation either by electrolytic polish- 
ing or by mechanical polishing plus 
light chemical etching to remove any 
film of disturbed metal. A _ surface 
oxide film may be formed in several 
different ways, depending on the sam- 
ple. For stainless steels, nickel and 
nickel alloys, the oxide film is usually 
developed thermally by some form of 
heat tinting. A hot oxidizing flame 
played over the surface for several 
seconds, or immersion of the sample in 
a hot oxidizing agent such as molten 
NaNO,-KNO, at 500C for a few sec- 
onds, is usually sufficient to develop an 
oxide film 150 to 200A thick, which 
will appear as a golden or straw-colored 
temper film. An excellent surface oxide 
film can be developed on aluminum 
and aluminum alloys by a special 
anodizing treatment, which will pro- 
duce an almost structureless aluminum 
oxide film about 200A thick, 

The surface films are stripped by dis- 
solving the underlying metal. First, the 
surface is scribed into a grid of -in. 
squares by scratching through the oxide 
film with a sharp needle, and then the 
sample is immersed in an alcoholic 
solution of iodine or bromine if it is a 
stainless steel or nickel alloy, or into 
concentrated mercuric chloride if it is 
an aluminum alloy. Stripping solutions 
attack the interface between the sur- 
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Fig. 15. Silica Replica of Coarse Pearlite in 0.87% C Steel 
Formed Isothermally at 1300 F. 


Fig. 16. 
25% Cr, 20% Ni Steel Aged at 1200 F 


Surface Oxide Replica of 


to Form Sigma (FeCr) Phase. 
Electron diffraction patterns identify 
oxide films as Cr,O, over sigma phase 
and NiO- Fe,O, over ferrite. 10,000 » 


face oxide and the metal rapidly so 
that the replica films will float free 
after a few minutes. The small squares 
are caught on small disks of fine-mesh 
screen and are rinsed in distilled water 
and in alcohol before drying. 

Figure 16 shows an oxide replica of 
sigma phase (FeCr, a hard, brittle, 
intermetallic compound) which formed 
in a sample of 25 Cr-20 Ni steel during 
aging at 1200F. The lighter areas 
showing a thin oxide film correspond to 
areas of the slower scaling chromium- 
rich (FeCr) precipitate. The oxide film 
formed over the chromium-poor ferrite 
is thicker and made up of much larger 
crystallites. The electron diffraction 
patterns from the marked areas indi- 
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cate the formation of large oriented 
crystals of NiO-Fe.O, over the ferrite 
and of small randomly oriented crystals 
of Cr.O, over the sigma particles during 
oxidation to develop the surface film 
replica. 

Extraction Replicas. This type of 
replica gets its name from the fact 
that the particles are actually removed 
from the surface by the replica. The 
first steps of this replica technique are 
the same as for shadowed plastic repli- 
cas, as shown in Fig. 17. After polish- 
ing and etching, a thin film of plastic 
is formed over the surface by drying 
from dilute solution, but instead of be- 
ing stripped at this point, as with the 
shadowed plastic method, the sample 
is etched again through the plastic 
film. Etching solutions diffuse through 
the plastic and etch the sample almost 
as rapidly as before the plastic was ap- 
plied. As can be seen from the sketch, 
the particles partially embedded in the 
plastic are removed with the replica if 
the second etch is deep enough to free 
them from the parent metal. 

Although this method has been ap- 
plied mainly to carbon and alloy steels 
it is suitable for the study of fine pre- 
cipitates in other alloys. The essential 
requirement is the availability of an 
etchant capable of dissolving the metal 
but not the precipitate particle and 
also not disintegrating the plastic. 
Most of the alcoholic etching solutions 
of ferrous metallography are suitable. 


Extraction replicas have greater in- 
than other replicas 
precipitate 


herent resolution 


because the fine particles 
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Fig. 17. Schematic Representation 
of Extraction Replica Technique 


themselves are examined rather than 
a replica copy of them. Another ad- 
vantage is that the actual precipitate 
particles present on the replica can be 
identified by electron diffraction from 
selected areas. 

Figure 18 shows an extraction replica 
of carbides formed in a 3.2% Mo steel 
during cooling. Electron diffraction 
patterns ‘not shown) revealed both the 
rod-shaped and the cube-shaped par- 
ticles to be Mo.C. 

Range of Use. The electron micro- 
scope has become more useful for exam- 
ining structures too fine to be ade- 
quately resolved by the optical micro- 
scope, chiefly because of recent im- 
provements in the techniques of elec- 
tron metallography, but also as a re- 


sult of better understanding of the type 
of problem where the method is likely 
to prove useful 

In addition to clarification of opti- 
cally irresolvable structures, the elec- 
tron microscope is used for quantitative 
measurements of grain size, undissolved 
carbides, retained austenite and other 


Fig. 18. Extraction Replica of Car- 
bide in 3.2% Mo Steel. Electron 


diffraction from this replica iden- 
tified both shapes as Mo,C. 8000 x 


secondary phases. These structures 
can often be resolved optically but are 
sometimes difficult to measure accu- 
rately because of the low contrast of 
grain boundaries or uncertainty as to 
the edges of the secondary phase. 

The advantage in resolution is very 
great but the initial cost of the instal- 
lation of an electron microscope labo- 
ratory is several times that of a good 
research metallograph, and consider- 
able experience with the techniques of 
electron metallography is necessary for 
effective use of the instrument. Also, 
replica preparation is so time consum- 
ing that it is difficult to examine more 
than three or four specimens in a day. 
The electron microscope is therefore 
used mainly for research and develop- 
ment, rather than as a control instru- 
ment 
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248-T4, strength-weight ratio with 
temperature (F) 
508, properties 
A508, composition and properties 
J518, composition and properties 
538-T61, corrosion resistance 
A548, composition and properties 
55S, clad, composition and properties 
C578, anodizing characteristics 
C578, composition and properties 
615, composition and properties of clad 
61S-T4, welding of 
61S5-T6, specifications reference 
625, composition and properties 
638, properties 
75S-T6, aircraft parts formed by 
5S-T6, effect ‘of temperature (P) 
158-T6. hand forging specifications (T) 
758-T6, strength-weight ratio with 
temperature (F) 
D132, composition range ‘(T) 
piston applications 
138 alloy, properties 
B214, properties 
F214, composition and properties 
R305, composition and properties 
Ternalloy 
Aluminum bearings 
Aluminum brass, composition (T) 
Aluminum brass, inhibited, 
condenser tubing application 
corrosion resistance to waters 
Aluminum bronze, wrought, 
arc welding 
cold forming after welding 
compositions «(T) 
conductivity of wrought (T) 
corrosion resistance 
de-aluminification 
gas-shielded metal-arc welding 
hot forming after welding 
joining characteristics 
mechanical properties 64 
tarnishing 
tensile strength «(T) 
use at high temperature 
valve guide application 
welding rod application 
Aluminum bronze castings, 
applications 
castability rating «(T) 
casting difficulties 


composition 

composition for castings (T) 68. 
corrosion resistance 70 
effect of aging on heat treated 

effect of aluminum on properties 70. 


effect of iron on properties 
effect of nickel on properties 
effect of slow cooling on properties 
fatigue limit 71, 
fluidity ratings (T) 
heat treatment 
joining characteristics 
permanent mold casting 
plaster mold casting 
properties of castings (T) 
strength with cross section 
Aluminum-copper-magnesium, 
Al -26 Cu-035 Mg, composition and 
properties 
Aluminum-copper-magnesium-nickel, 
Al-20Cu-15 Mg - 1.0 Ni, properties 
Aluminum-copper-nickel-magnesium, 
Al-40 Cu-20 Ni-1.5 Mg, composition 
and properties 
Aluminum -copper-silicon- magnesium, 
Al - 10.0 Cu- 4.0 Si -0.3 Mg 
Aluminum forgings, properties, 
transverse and longitudinal (FP), «(T) 54, 
Aluminum investment castings, production 
Aluminum-magnesium alloys, 
Al - 0.8 Mg, composition and 
Al- 12 Mg, properties 
application in welding .............. 
Aluminum-magnesium-chromium, 
Al-3.5 Mg - 0.25 Cr, composition and 
properties 
Aluminum -magnesium- -manganese, 
Al-10 Mg-0.3 Mn, composition and 
properties 
1-45 Mg-05 Mn, clad, composition 
and properties 


63 


63 


63 


Aluminum-magnesium silicide alloys 


Aluminum -magnesium-silicon, 
Al-0.7 Mg -04 Si, properties 
Al-3.8 Mg - 1.8 Si, properties 


Al-4.0 Mg-0.5 Si, composition and 


properties 


Aluminum-magnesium-silicon-copper, 


Al-06 Mg-0.35 Si -0.25 Cu 
composition and properties 


Aluminum-magnesium-silicon-copper- 


chromium, 


Al-10 Mg-06 Si-025 Cu-0.1 Cr, 


composition and properties 


Al-10 Mg-06 Si-0.25 Cu-0.25 Cr, 


clad, composition and properties 


Aluminum-manganese-magnesium, 
Al-—12 Mn-—1.0 Mg, properties 
Aluminum-silicon brazing alloy 
Aluminum-silicon bronze 
Aluminum-silicon-copper-iron, 


Al -9.7 Si~2.3 Cu-—06 Fe, marine 


application 


63 


60, 61 


117 


7, 122 
65, 67 


57 


Aluminum-silicon-copper-magnesium-nickel, 


Al-9 Si-3.5 Cu-08 Mg-08 Ni 


Aluminum-zine-magnesium-copper, 


62 


Al-65 Zn-0.7 Mg -—0.5 Cu, composition 


and properties rere 


Aluminum-zinc-magnesium- -manganese- 


chromium, 


Al-3.0 Zn-16 Mg-05 Mn-03 Cr, 


composition and properties 


Al -4.25 Zn-2.1 Mg-05 Mn -03 Cr, 


composition and properties 

Ammonia atmospheres 
Ammonia for carbonitriding 
Anodizing of 

aluminum assemblies 

electrodes 

magnesium and its alloys (T 
Architectural bronze 
Arc melting of titanium 


63 


Arc welding, see I{'e/ding, metal concerned 
124. 125 


Atmospheres for carbonitriding (T) 


Atmospheres for heat treating 

Austenitic alloys, high-temperature 
behavior 

Autopour in steel making 


B 


Bearing area analysis 
Bearing loads, bronze 
Bearing loads, engines 
Bearing properties 
Bearings, 
aluminum 
aluminum-cadmium-silicon 
bronzes (T) 
composite 
copper alloy castings 
engine 
porous bronze or tron 
Beryllium copper, 
composition «(T) 
fatigue limits ‘(T, footnote) 
fatigue strength, applications 
joining characteristics (T) 
properties of castings (T) 
Bessemer process 
Blanking, definition 
Blanking dies ......... 
Blanking of 
steel sheet ....... ee 
titanium 
Blast cleaning 
Boiler code stresses (T) 
Bolt steels, 
alloys for 
properties (T) 
service temperatures for 
Brass, 
See also Copper alloys, Copper alli 
compositions (T) 
conductivity (T) 
corrosion 
dezincification 
finishing 
forming 
machinability (T) 
tensile strength ‘(T) 
welding 
Brazed joint design (A) 
Brazed joints, 
cemented carbide to steel 
clearance vs strength 
corrosion resistance 
design, illustrations 
design stress, allowable 
electrical conductivity 
fatigue limits 
fatigue limit in shear ‘(T) 
fatigue limit vs clearance (T) 
fatigue strength 
heat treatment 
high-temperature service (T) (F) 
impact strength 
joint clearances ‘(T) 
low-temperature service 


71, 96 


93 96 


y castinas 


63 ; 61 
57 
| 
63 
63 | 
86 
61 
116, 
63 
56 
63 
63 
58 
63 
63 
54 
59 
: 61 
107 
53 
54 130B 
| 124, 125 
92 56 
92 58 
62 14 
62 65 
63 80 
63 
63 
65 
a 
a 67 156, 157 
64 
67 
67 
65 95 
66 — 
67 71, 96 
67 
a 67 56 
66 56 
a 66 96 
66 56, 96 
‘ 66 71 
64 95. 96 
95 151.153 
67 
65, 69 
72 66 
ots 68 64 
70 71 
70 70 
69 154 
72 28, 136 
71 28, 136 
72 
710 136 
71 81 
ie 71 133, 134 
"4 72 42 
; 68 
70 45 
71 42 
68 45 
68 
71 65 
66 
67 
63 67 
66 
65 
63 
66 
66, 67 
63 115-122 
117 
55 121 
53 117 
120 
; 63 120, 121 
119, 120 
57 120 
120 
119, 120 
= 116, 117 
121 
120 
= 116 
120 
= 


Brazed joints (continued) 
preparation of surfaces 
preplaced filler metal forms ‘(P) 
properties vs temperature 
S-N diagrams 
shear strength summary (PF) 
shear vs temperature 
soundness of joint 
strength 
Strength vs clearance 
strength vs temperatures 
stress concentration (FP) 

Stress distribution in 
wetting and bonding 

Brazing, 
definition 
fluxes as 
process and methods 

Brazing filler metals, 
brazing temperature range (T) 
classifications, AWS-ASTM 
compositions (T) 
liquidus temperature (T) 
maximum service temperatures ‘(T) 
selection 
solidus temperature (T) 
strength 

Brazing of 
copper alloys . 
powder metal parts 
steel 

Brazing processes, heating methods 

tabulation (T) R 

Bright field illumination 

Brittle failures, 
in structural steels 
tests for 

Brittle fracture, impact transition (FP) 

Brittleness, definition 

Broaching, 
cutting fluids for 
powder metal parts, tool (PF) 
titanium and its alloys 

Bronze 
See also alloy concerned 
compositions (T) 
conductivity, wrought (Ty 

cast 

Bronze bushings, 
corrosion of 
for engines and machines 
nondestructive inspection 

Burnishing tools for powder meta! parts 


Cc 


Cadmium copper, 
comparative conductivity (T) 66 
composition (T) 65 
Camshafts, engine 94 
Carbide tools 21-33, 134-153 
Carbides in molybdenum steel, extraction 
replica of ‘ 
Carbon, combined 
Carbon steel, 
See also High-carbon high-chromium steel 
Low-carbon steel, Carbon tool ste: 
applications 
ASTM specifications for castings 
carbonitrided, for gears 
carbonitriding (A) 
compositions (T) 
hardenability 6, 10, 11, 125 
hardness vs strength (FP) 
machinability (T) 13 
machining (A) 
melting (A) 
photomicrographs (F) 
plant standardization (T) 
properties «(T), (FP) 
properties vs treatment (FP) 
SAE-AISI (T) ....... 
scaling (F) 
selection (A) 
standardization of stock 
tolerances, bars ‘(T) 
Carbon steel sheet and strip, tolerances 


177 
110-112 


12 
146-148 


Carbon tetrachloride, 
hazards with 
Carbon tool steel, 
applications 
classification (T) 
composition 
selection 
Carbonitriding (A) 
applications 
atmospheres for 
case depth 
case depth factors (P) 
definition 
equipment for 
gases for (T) 
selection 
selective case hardening 
Carburizing, 
cost example 
ferrous powder metal parts 
high speed tool steel 
selection (FP) 
selective case hardening 
Steel 
Cartridge brass 
Case hardening 


130, 130A 
153 


65, 66 
13, 14, 124-126, 153 


Cast iron, 
See also Gray iron and Nodular tron 
applications 30, 51, 92, 94, 109 
combined carbon 110, 
compositions (T) 
machinability 
machinability and microstructure (F's) 

145, 
machining (A) 141 
wear resistance 

Castability, 
of cast iron and steel 
of copper alloys 

Casting. continuous, of steel 

Castings, 
design of ferrous (A) 
patterns 
production 1953 
testing and inspection 

Cathodic vacuum etching 169 

Cemented carbides 21-33, 134 

Centrifugal casting of copper alloys 

Chilled iron castings, 
applications 
ASTM specification 

Chromium copper 

Chromium-molybdenum steel, 

Fe —- 1.25 Cr -05 Mo, stress rupture (F) 
Pe - 5.0 Cr-—05 Mo, stress rupture 

Chromium-molybdenum-vanadium steel, 

creep 

Chromium-nickel-cobalt-iron alloys, stress 

rupture (PF) 

Chromium-nickel-iron, heat-treated 

rupture 

Chromium plate, 
wear applications 92 

Chromizing of powder metal parts 

Cleaning 
ferrous metals ‘A 131 
magnesium and its alloys 74. 
titanium and its alloys 

Cobalt-base alloys (heat-resisting?:, 
applications 
compositions (T) 
impact resistance of cast 
Stress-rupture 

Cobalt-base cutting tools ‘cast 

Cobalt-nickel-chromium-iron alloys. 
compositions 
stress-rupture (T) 

Cobalt tool steel, selection and heat 

treatment 

Coining of powder metal parts 

Cold drawing of steel 

Cold drawn carbon steel bars, 
properties 
tolerances 

Cold drawn steel, yield vs tensile 

Cold extrusion, 
dies ; 30, 139, 
process 139, 

Cold forming of 
copper and its alloys 
steel sheet (A) 
titanium 

Cold heading dies 

Cold shearing. 
tool steels for (T) 

Cold shuts, detection of 

Cold trimming, definition 

Cold upsetting 

Commercial bronze 

Commercial G bronze 

Compacts, See also Poteder metal part 
iron, coining vs properties (T) 
sintered 

Compression forming of steel 

Constructional steels (A 

Continuous casting of steel 

Copper, 
brazing 
corrosion resistance, cast 
corrosion resistance, wrought 
electrical conductivity, cast 

wrought 
electrolytic tough pitch (ETP 
formability, wrought 
free-cutting ‘Se, Te and Pb 
joining, wrought 
machinability, cast 

wrought (T) 
mechanical properties 
mechanical strength 
oxygen-free (OF 
phosphor -deoxidized 
selection of (A) 
shear strength 
silver-bearing 
softening temperature 
stress-corrosion cracking 
surface finish, wrought 
thermal conductivity, cast 

wrought 
welding of 
yield strength, definition 

Copper (99.45%), properties of casting ‘T) 

Copper alloy castings. 
applications 
compositions 
corrosion resistance 
cost, relative (T) 
fatigue limits 
machining 
properties (T) 
selection of alloy 


91-96 


stress 


steels for 


cast 
wrought 


(DLP; 


68, 71, 


48 


93 
153 


134 
75 


140 
140 


Copper alloys, 
bearing and wear properties, cast 
brazing 
castability (T) 
castings 
cold forming of 
color range 
composition, castings ‘(T) 

wrought 
corrosion resistance 
electrical conductivity, cast 
wrought, and 
embrittlement in 
enameling on 
fatigue strength, (T) and (FP) 
finishes for 
fermability, wrought 
general-purpose alloys, cast 
hot forming 
joining, cast 
wrought 
machinablility 
cast 
wrought 
mechanical properties, cast 
mechanical strength, wrought 
plating 
properties, cast 
wrought 
relative costs 
SAE designations 
68B, bushings 
791, bushings 
season cracking 
selection of ‘Ar 

temperature 
soldering 
stress corrosion cracking 
surface finish, wrought 
thermal conductivity, cast 

wrought 
wrought 
vield strength, definition 

Copper-aluminum-silicon, Cu 7 Al 25 

tensile strength (T, see footnote 

Copper-berytlium-cobalt 

Copper brazed joints, 
fatigue 
high-temperature service (PF) 

Copper brazing (A) 

Copper brazing filler metals, 116 
compositions 
maximum service 
melting range ‘(T) 
strength 

Copper-cadmium 

Copper-chromium, wrought 

Copper-chromium-silicon (T) 

Copper-gold brazing filler metals 

Copper-nickel alloys 

Copper-nickel-tellurium 

Copper plating of magnesium 

Copper-silicon 

Copper-tin bearings 

Copper-tin bronze castings 

Copper-tin-lead 

Copper-tin-lead-zine 

Copper-tin-zine-nickel 

Copper-zine, Cu - 40 Zn 

torsion (PF) 

Copper-zine brazing filler metals 

116 


service 


temperatures 


(T's) 


fatigue limit tn 


117, 121 
Core hardness of steel 1 
Core loss tests 
Corrosion inhibitors for 
magnesium-dissimilar metal joints 
titanium and its alloys 
‘orrosion resistance of 
aluminum alloys 
aluminum bronze 
brazed joints 
bronze bushings 
copper alloy castings 
copper alloys (T) 
engine parts 
nodular tron 
Stainless steel 
titanium and its alloys 
Corrosion-resistant castings 
Corrosive wear in engines 91 
Cost of heat treating (A 128 130A 
Costs, 
copper casting alloys, relative (T) 
forming sheet steel 
heat treating 
labor, in heat treating ‘T) 
machining 
Couple, bimetallic 
Creep of 
aluminum alloys (P) 
heat-resisting alloys 
magnesium alloys (T: 
titanium 
V-36 alloy (P) 
Creep rate and design 
Cupro-nickel 
Cutter angles for carbide milling 
Cutting fluids 
removal of 
types 
Cutting speeds 
Cutting tools, 
angles 
life 
terminology 
tool steels for 
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, 
71 
114 21, 122 
111 68 
92 68 72 
148 65 
66 
146 72 
151 65 
92 72, 95 y 
72 
4 64, 66 
68 64, 69 
158 66 
| 66, 119 
| 114 66 
! 110 65 
| 109 68 
110 65 
174 71 
| 53 66. 67 
68 67 
68 
111 66 
111 69 
66 64, 66 
66 
48 10, 72 : 
48 66, 72 
68 
45 
on 
48 96 
67 
| 64 72 
| 67 
64 
66 
64 
83 64 67 
64 
48 
47 66 
45 72 
4A 
142 19. 120 
121 
47 115 122 
48 122 
116 
25 121 
153 117 
4 18 121 
65, 66 
a 12 66 
4 72 
3 17, 122 
65 
65. 66 
75 
72 
67 71, 96 
140 71 
82 71 
31 68, 69 
69 
28 
162 119 
26 
65 
66 
71 
153 
153 
140 
OF 
158 
67 
72 
67 
72 
64 
66 
65 
66 
66 
68 
144 66 
69 
29, 31, 33 66 
21, 22 66 
22 66 
21-32 72 
124-126 118 
14, 125, 126 66 
124, 130B 64 
124 67 
125 66 
124 72 
124, 126 64 
125 67 
125, 126 64 
126 72 
29 i 
125 
126 
69 
72 
68 


D 


Damping capacity, 


effect on fatigue strength 46 
in designing 85 86 
of gray iron 110 
Dark field illumination 164 
De-aluminification 67, 70, 71 
Decarburization, 
stainless steel 156 
steel 105 
tool steel 24 
Deep drawing of sheet steel, 
allowable reduction 138 
categories 29. 30 
definition 138 
illustration (F) 139 
jroning 139 
lubrication 139 
redrawing 138 
sequence of operations (F 139 
stress relieving 139 
too! steels for 29 30 
Deoxidized copper, 
application in heating coils 64 
application in tubing 65 
application in welding rod: 67 
cold forming of 65 
composition (T) 65 
electrical conductivity 66 
softening temperature 64 
welding 67 
Descaling of steel forgings 132, 133 
Design engineering, 
damping capacity in 85, 86 
surface working of parts 105 
Design engineering of, 
brazed joints (A) 115-121 
engine parts 94 96 
ferrous castings (A) 109 114 
Stress concentration (A) 97 103 
titanium 85, 86 
Devincification of 
copper alloys 67, 72 
Dichromate treatment for 
magnesium and its alloys 74 
Die block applications (T) 25, 26 
Die blocks, pretreated «T) 25 
Die casting, too! steel for 33 
Die castings applications 55, 58 
Die steels, See Lool stecls 
Dies, 
cold heading 30 
die-casting, tool steels for 33 
extrusion 26. 30 
for titanium and alloys 80, 81, 82 
powder metal coining 153 
press 25, 28, 30, 31, 135, 140 
thread rolling ‘ 31 
wire drawing 27 
Dimpling of titanium and its alloys 82 
Drawing of titanium and its alloys 81 
Drawing compounds, removal of 131 
Drill rod, brazed joint strength «PF: 118 
Drilling of 
powder metal parts 152 
titanium 2 
Dry cyaniding (A) 124 126 


Ductile iron, See Nodular tron 
Dye penetrant inspection, of heat- 
resistant alloys 159, 161, 162 


Electrical conductivity of 


aluminum 57, 58 
brazed joints 120, 121 
copper and alloys, cast 72 
wrought 64. 66 
Flectrical conductors, ACSR & EC 57 
Electrolytic acid cleaning 131, 132, 134 
Electrolytic alkaline cleaning 131-134 
Flectrolytic etching (T) 169.172, 173 
Electrolytic polishing 169, 170-172 
Electrolytic tough pitch copper 64 67 
Electron metallography 174-177 
illustrations (F) 176, 177 


Electron microscope, 


illustrations of high magnifications (F) 176 
range of use 177 
schematic diagram (F) 175 
techniques 74-77 
Electroplating of 
magnesium and its alloys 74, 75 
molds for plastics 33 
powder metal parts 153 
Fmulsion cleaning 131, 132 
Engine metals and engine wear (A) 91 96 
Engines, 
engineering, design 94 96 
plated finishes 92 96 
selection of metals 92 96 
service conditions 91 
surface roughness values 92. 96 
Etching, cathodic vacuum 169, 174 
Etching, electrolytic 169, 172, 173 
Extrusion, cold, tool steels for 30 
presses 
process for steel 139, 140 
section limits, aluminum (T) 55 
size limits, aluminum 55 
Extrusion, hot, of nonferrous metals, 
tool steels for “ee 26, 27 
Extrusion of titanium, experimental 80 
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F 


Fasteners, 
for magnesium and alloys 76 
titanium and alloys for 85 
Fatigue, 
definition of terms 51, 97, 100, 108 
heat resisting alloys 5 
improvement of 2, 97-108, 119, 120 
interpretation, for steel 1, 2 
large diameters, footnote 103 
nodular iron 51 
relation to size, formula 103 
shot peening (A) . 104-108 
steels 1, 2, 97-108 
stress concentration (A) 97-103 
Fatigue limit data, 
automotive parts 105 
interpretation, meaning 2 
steels ‘ 1, 2, 101-103, 106, 119 
torsion. 119 
Fatigue notch factor, nodular iron 51 
Fatigue ratio, nodular iron 51 
Fatigue-rupture, 
life tests (F) 44, 45 
G18B alloy 46 
Nimonic 80 45 
Fatigue strength, 
aluminum 60-63, 105 
brazed joints 119, 120 
copper alloys 66, 106, 119 
damping and 46 
definition 108 
effect of decarburization 105 
effect of design 97-103 
effect of residual surface stress 105 
effect of surface 1, 2, 104-108 
effect of type of loading 1 
experimental mode! testing 2 
magnesium 75. 105 
notch sensitivity and 3 
vibration and 46 
Fatigue strength reduction factor, or 
fatigue notch factor 51, 100, 108 
definition . 108 
Ferrite, 
machining cast iron 145. 146 
nodular iron 49. 50, 51 
Ferritic alloys, high-temperature behavior 42 
Ferritic stainless steels 38.39 
Ferritizing annealing of 
nodular tron 49 
Ferrous castings, design of (A) 109.114 
Filler metal 115 
ce also Bracing filler meta 
Finishes for 
aluminum alloys 58 
copper alloys 66 
magnesium 75 
piston rings 94 
powder metal parts 153 
titanium 81, 83 


Fluorescent penetrant inspection 159, 161 162 
Forging of 


aluminum (T) 54 
brass ee 65, 67 
steel, 
shrinkage allowance for die sinking 80 
tool steel selection 26 
titanium 80. 81, 85 
Forging scale removal 132, 133 
Forming 
aluminum, by peening ven 
copper and its alloys 65, 67 
sheet steel (A) 134-140 
titanium and its alloys 81, 82 
Free-cutting brass 65-67 
Free-cutting copper 64 67 
Free-cutting phosphor bronze 67 
Free-machining steel, 3. 
case hardening of 14 
machining (F) 144, 146-148 
Furnace and equipment cost in heat 
treating (T) 129, 130A 
Furnace brazing 121, 122 
G 
Gages, 
for sheet steel . 140 
tool steel for . 31, 32 
Galvanic action, 
potential difference between metals 67, 76 
Galvanic corrosion of 
aluminum alloys 57 
copper and alloys 67 
magnesium and its alloys 16 


titanium and its alloys (as 84 
Galvanizing of steel, preparation for ..133, 134 
Gas, in heat treating 124-126, 130B 
Gas carburizing of steel, cost 130, 130A 
Gas cyaniding (A) 124-126 
Gas-shielded tungsten-arc welding 


of copper alloys 67 
Gas turbines 43, 85, 86 
Gaskets for joining dissimilar metals 76 
Gear bronze ..... 69, 71 
Gears, 

carbonitriding 4 

selection of steels for 13 

shot peening 107 

tool steels for master gears 32 
Gilding metal 65, 66 
Grain refinement in magnesium 73 


Grain size of copper alloys 
Gray iron, 


ASTM specifications 111 
castability 110 
compressive strength 110 
damping capacity 110 
design 110 
dimensional tolerances 111 
fatigue improvement 108 
finish allowances ‘(T) 111 
finish vs wear resistance 93 
growth (FP) 51 
hardness and wear resistance 93 
machinability (Ti ....... 50, 145-148 
microstructure (F) 49, 92, 145 
oxidation resistance of class 40 51 
specifications 111 
trade designatiors 29, 30, 32 
wear resistance 92, 93 
Gray iron for 
die-casting dies 33 
engines ...... 92.96 
tools 29, 30 
Grinding of powder metal parts 152 
Guerin forming process, for titanium 82 
Gun metal 69 


H-steels, 
austenitizing temperatures (T) 7 
composition limits (T 7 
hardenability bands ‘(T) 16 20E 
hardness limits specifications (T) 8, 9 


heat treating temperature ‘(T) 7 

normalizing temperatures ‘(T) 7 

selection by hardenability ‘T) 11 
HAE process for magnesium (T) 74 
Hardenability of steel, 


as basis of purchase 6 
critical section and 10 
definition 4 
depth of section and C content 10, 11 
effect of carbon and alloys on 10, 11 
martensite percentage 7 
maximum H for min. section 10 
measurement of 6 
principles 6 
relation to cross section 6, 10-13 
selection by (T) 11 
selection of carbon content 10-12 
selection procedure 10 
specimen vs round bar 6, 126, 127 
Hardenability of tool steels (T 24 
tool steels for cold heading 31 
Hardenable steels, selection (A) 1-20F 


Hardening of steel, 
agitation of quenching mediums (A) 126, 127 


alloy steel 6, 7, 10-13 
carbonitriding (A) 124-126 
cost 128-130 
hardenability bands 16 20E 
tool steels (A) 24-33 
Hardness, 
case in carbonitriding 125 
limits for H-steels (T) 89 
recommended for too] steels «T) 24 
relation of case and core 14 


Hastelloy alloys, See //eat resisting alloys 
Hazards with 


acetic anhydride 169 
cleaning solvents and agents 134 
heat treating atmospheres ‘(T) 130B 
perchloric acid 169 
titanium and its alloys 84 
Heat resistance of tool steels (T) ..... 24 


Heat-resistant brazing filler metals (T) (F) 
116, 117, 120-121 


Heat-resistant steels for valves 95 
Heat-resisting alloys (A) 42 48 
bolting applications 45 
compositions ‘(T) 47 
corrosion resistance 46 
creep data of ACI types ‘T) 46 
design stress 45, 47 
creep rate and 46, 47 
factors influencing 7 
for high-temperature usage 45 
dynamic loading-rupture (F) 45 
elevated-temperature properties (F) 42 
elevated-temperature tests for 42.48 
fatigue-rupture data 45, 46 
high-temperature fatigue tests 45 
impact resistance of wrought 45 
inspection 162 
microstructure 46 
oxidation resistance 46 
rupture strength (T) 46 
sorting 162, 163 
stress-creep rate (F) 44 
stress-rupture properties 48 
stress-temperature data (F) ........ 48 


Heat-resisting alloys, trade designations, 


347, brazed joints data (F) ...... ‘ 121 
compositions ......... 7 
creep of ACI types (T) ... 46 
fatigue-rupture ‘(F) 46 
Inconel X, short time tests 42 

strength/wt. vs temp. 86 
rupture data (F) 44 
stress-deformation tests (F) 44 
8-590, brazed joints data (F) 121 


| 
| 

‘ 


Heat treating of 
nodular iron 
powder metal parts 
Heat treating of steel, 
agitation of quenching mediums 
ASM form for cost of 
ASM short form for cost of 
atmospheres (T) 
atmospheres, hazards with ‘1 
conditions for hardening 
cost of (A) 
equipment cost in (T) 
fixed costs in (T) 
labor costs in (T) 
tempering vs properties 
variable costs in (T) 
High-carbon high-chromium tool steels 
High-leaded brass 
High-leaded tin bronze, 
casting of 
joining ‘T) 
properties (T) 
High speed steel lathe tools, 
application 
selection of tool stee! 
tool life 
tool life (formula) 
High speed tool steel, 
choice of grade 
classification (T) 
compositions (T) 
molybdenum vs tungsten 
pack carburizing 
production of Mo and W ‘F) 
selection 
tungsten vs molybdenum 
High speed tool steels for 
blanking and piercing dies 
cutting tools 
extrusion, hot and cold 
milling titanium 
plastics molds 
severe service dies 
thread-rolling dies 
trimming, hot and cold 
High-strength cast manganese bronze 
High-strength cast yellow brass 
High-temperature properties of 
brazed joints 
heat-resisting alloys (A) 
Stainless steels 
titanium alloys 
tool steels 
High-tin bronze, corrosion of 
Hot extrusion, too! steels for 
Hot rolled steel 
Hot shearing, too! steels for (T 
Hot-top practice for killed steels 
Hot trimming, 
tool steels for 
Hot work tool steel, 


classification 21, 


composition (T) 
for coining dies 
selection 25, 26 


32 
Hubbing molds, too! steels for 32, 31 


Hydrocarbons, hazards 
Hydroform type press for drawing titanium 
Hydrogen, 
control of, in stainless steel 
in steel making 155 
embrittlement in pickling steel 
removal from steel melt 


Impact extrusion of 

magnesium and its alloys 
Impact strength of brazed joints 
Impregnation of powder metal parts 
Inconel, See //eat-resisting all s .43, 44, 
Induction brazing, tabulation «T) 
Induction stirring in steel melting 155 
Infiltration of powder metal parts 
Ingot molds for steel 
Ingot practice in steel melting 
Inhibited alloys 
Inspection, nondestructive, 

selection of methods for (A) 159 
Instrumentation in the Bessemer process 
Internal-combustion engines, metal wear 

(A) 91 


lodide titanium 87. 


Iron, recovery from slag 
Iron-chromium alloys, 
grades for castings 
production (FP) 
Iron-chromium-nickel alloys, 
compositions (T) 
creep data for cast ‘T) 
design of castings 
grades for castings 
production 
rupture strength for cast (T) 
stress-rupture properties (T) 
Ironing of sheet steel 


J 


Jackman wedge roller (FP) 
Jet tapper in steel melting 
Joggling of 
stainless steel (18-8) 
titanium and its alloys 


Joining. 
See also H'elding and Rrazing 
aluminum and its alloys 
copper and its alloys 
magnesium 
powder metal parts 
Stainless steel 
titanium 

Joints, bimetallic 

Joints, brazed, See Braced joints 


iN 


K factor for nodular iron 
Killed steel, 

hot-top practice 

transition temperature range 
Kobler illumination 
Kroll process for titanium 


L 


Ladle practice in stee! melting 

Lake copper, composition 

Lap joints, See Hraced 
Larson-Miller method (stress-rupture) 
Lathe tools, See Machining 


Leaded brass 647 


Leaded bronze, composition (T) 
Leaded commercial bronze, machinability 
iT) 
Leaded copper 
Leaded copper alloys 
Leaded high-strength yellow brass, cast 
(T's) 
Leaded naval brass, cast (T's 
Leaded nickel brass, cast (Ts) 
Leaded nickel bronze, cast (Ts) 
Leaded nickel silver, cast, composition «(T) 
Leaded red brass, cast 
composition, properties (T) 
solidification temperature 
strength vs section 


Leaded semi-red brass, cast (Ts 68 
Leaded tin bronze, cast (T's) 69 


Leaded yellow brass, cast (T's) 
Leakage detection, methods for 161 
Liquid penetrant inspection 
Low-alloy steel, See teel 
brazing 118 
machining 146 
selection (A) 1 
weldability 
Low brass 
Low-carbon mold steels 
Low-carbon steel, See als 
brazing 118 
carbonitriding 
cleaning 
drawing 
extrusion, cold 139 
machining 146 
selection 
transition temperature range in impact- 
temperature tests 
Low-leaded brass, machinability 
Low-leaded copper alloys, machining 
Low-sulfur steel, production 
Lubricant additives, effect on wear (PF) 
Lubricants for 
extruding steel 
forming titanium 


Machinability of 
cast iron 50, 145. 146 
copper alloys (T) 66, 67, 68 
corrosion resistant castings ‘(T) 
microstructure and 
nodular iron 50, 146 
steel 146 
titanium 82 
tool life and 
tool steels 
Machining, 
chattering elimination 
chipping failure 
cost of production 
cutting fluid fundamentals 
cutting speed selection 
cutting tools 
economical depth of cut 
economical feed 
finish allowance, gray iron 
malleable iron 
steel castings (T) 
maximum production 
milling cutter angles 
minimum cost 
mode of tool failure 
power requirements 
process 
selection of speeds ‘T) 
tool geometry 
tool life 
tool life curves 
tool life formula 
tool wear, progression of 
turning speeds (T) 
Machining of 
powder metal parts (A) 
Steel and cast iron (A) 


162 
159 


120 
148 
20F 
4 

65 
22 


120 
125 
133 
139 
140 
148 

15 


67 
66 
155 


91 
139 


80 82 


148 
70 


Magnesium and magnesium alloys (A 
adhesive bonding 
anodizing 
applications 
ASTM designations for 
brazing 
casting 
cathodic protection with 
cleaning and finishing 
coatings for 
coding for 
creep properties «T) 
design considerations 
designation system 
die casting molds, too! steels for 
electromotive force series 
electroplating 
elevated temperature properties 
fatigue properties 
finishes for 
forging applications 
galvanic corrosion 
grain refinement 
HAE anodizing 
high temperature uses 
hot extrusion, tool steels for 
impact extrusion of 
index to alloys in 1948 Handbook 
joining 
machining 
notch sensitivity 
plastic coatings for 
processing 
production data 
properties, data sheets 
riveting to dissimilar metal «F) 
shot peening of 
stress-rupture «F) 
welding methods 
zinc immersion coating (T) 
Magnesium alloys, trade designations 
See also Magne mand magnesium 
AZ31A 
shot peening and fatique (T) 
strength weight 
EK 30A, properties 
EK 20 A-T6 
creep at elevated temperature «T 
properties at elevated temperature 


EK 33 A, propertic 
EK 41A, properties «T) 


EK 41A-T5 and T6 

ited temperature 

properties at elevated temperature 
T) 


creep at elev 


MIA 
impact extrusion pres 

ZK51A, properties 

ZK 60A, properties 
Magnesium-aluminum-zine-manganese, 

Me.-86 Al-07 Zn- 0.15 Mn, 

properties 
Magnesium-rare earth-zine-zirconium 

Me 30 rare earth 25 Zn. O06 Zr 
Magnesium-rare earth-zirconiam, 

Me. 34 rare earth 

Me -40 rare earth 07 Zr, propertte 

Me-45 Zn Zr, properties 
Magnetic particle inspection 
Magnetic properties testing 
Malleable iron, 

ASTM specifications 

good desien illustrated «F) 

grade 32510 

grade 35018 

grade selection 

machinability and microstructure 

microstructure (F) 

pearlitic 

properties 

section vs properties 
Manganese brass 
Manganese bronze castings, 

applications 

dezincification 

fatigue limits 

hot shortness 

machinablility 

physical properties 

shrinkage 

strength vs section 
Manganese wrought bronze, 

composition 

hot forming 

tensile strength 


sures 


Manufacturers’ standard gage for steel 


sheets 
Martempering, |imitations 
Martensite 
Martensitic stainless steels 
Mean stress, definition 
Mechanical peening 105 
Medium-leaded brass, machinability «7 
Medium-leaded copper alloys 
Melting of steel (A) 
Metal cutting 
Metallography, 
article (Aji 
cathodic vacuum etching 
color photomicrography, practice 
electrolytic polishing and etching 
electron metallography 
microscope 
etching formulas ‘(T) 


JULY 15, 


temperature (F 


04 Zr, properties 


160 


10 
107 
66 


154 
141 


164 
167 

169 

174 


172 


163 


<3 «3 «3 «3 
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| 
73 
49. 50 | 
153 56 
66. 67. 71 73, 
oon 
126, 12 
: 128 153 117. 1 
30, 41 
130A 
130B 85 76, 
120B 716 
10 115-122 
18-130A 73 
128-130 75, 76 
128-130 7 
128-130 73 
51 33 
128-130 
22, 23 157 7 
| 164, 166 18-77 
68. 69 80 17 
76, 77 
147-152 
23 156, 157 78 
148 73, 74 
i144 74 
43 76 
24, 25 16 
21, 22 | 
22 
25 ai 
25 
25 4. 67 
24, 25 +71 79 
106 
4a 
28, 29 67 
40 "4 
26. 30 69. 71 
65 
33 
106 
25 
78 
69-71 7 
120, 121 
6. 37 78 79 
86, 87 
26, 33 | 
72 
26, 27 ia 
3 
27, 28 
77-78 
77 
26 
22 7 
22 
30 
78 
134 
81 
77, 78 
156 160 162 
133 = 
133 
158 
111 113 
111 
M 111 
74 145 
120 
153 | 112 
22 
136 + 65. 67 
156 148 
153 148 
155 as 70 4 
157 145 
24 
151 
150 
149 
147 
150 
iss 144 
150 
= 150 66 
11 
112 ‘ 
47 114 126 
46 149 $3 
46, 47 142 
= 149 108 
40 144 9 
46 144 61 
48 142 
149 5 
” 151 142 
144 
147 177 
144 
144 168 
‘ 108, 109 168 
177 
175 
82 152 
82 151 
r 


Metallography (continued) 
extraction replica technique (F 77 
infra-red 


167 
metallurgical microscope 164, 165 
phase contrast .......... 165, 166 
phase microscope ae 166 
polishing formulas (T) 170-172 
reagents (T) 170-173 
precautions 169 
ultraviolet 166, 167 
Metal-to-metal wear (A) 91-96 
Microscopes, 
electron 175 
metallurgical 164-165 
optical, schematic (PF) 174 
Microscopy, Vetallography 
Microsteucture of 
alpha brass (PF) 167 
cast iron, for wear resistance 92 
chromium-nickel steel (FP) 176 
gray iron (F) 49, 145 
gray iron for wear resistance (FP) 92 
heat resisting alloy 46 
malleable iron «(F) 49 
molybdenum steel (Fy 176 
nickel, commercially pure (F) 167 
nodular iron (PF) 49, 50 
titanium and alloys +P) 85 
1081 carbon steel (Fy 176 
1087 carbon steel (Fr 176 
8640 steel, effect on tool life (Fy 147 
Mild steel, See Sterl 
Milling, 
cutter angles, carbides (T) 142 
powder metal parts 152 
titanium and alloys 82 
tool materials for 23, 142 
tooth geometry (F's) 143 
Modulus, See under metal concerned 
Mold steels, tool steels for 22, 32, 33 
Molds for steel ingots 155 
Molybdenum in cast trons 52, 92 
Molybdenum alloys, heat resisting 43, 48 
Muntz metal (60 Cu - 40 Zn) 
composition (T) 65 
dezincification of weld 67 
fatigue limit, brazed joint in torsion (F) 119 
hot forming after welding 7 
N 
Naval brass 65 67 
Navy G, modified ° 69 
Ni-carbing (A) 124-126 
Nickel, 
brazed joint strength vs temperature (FP) 120 
metallography 167, 171, 173, 176 
Nickel-base alloys ‘heat-resisting) 47-48 
Nickel brass and bronze 72 
Nickel-chromium brazing 121, 122 
Nickel-chromium brazing filler metals 
116, 117, 121 
Nickel-chromium stainless steel 
See Stainless steel 
Nickel-copper alloys 65 
Nickel-copper-tellurium (T) 65 
Nickel leaded bronze 69-71 
Nickel-molybdenum steel, notch sensitivity 
(Fi 101 
Nickel silver, 
cast 68, 72 
wrought, A and B (T) 64 67 
Nickel-tellurium copper 66 
Nimonic alloys, See //leat-resistiny alloys 
trade destunations 
Nitralloy G, die applications 33 
Nitriding of 
ferrous powder metal parts 153 
steel for wear resistance 92. 93 
Nitrocarburizing (A) 124 126 
Nitrogen, removal from steel melt 158 
in carbonitriding 124-126 
Nitrogen atmospheres (T) 130B 
Nitrogen control in Bessemer process 154 
Nodular iron (A) 49 52 
annealing 49 
applications 52 
austenitic, properties «T) 50 
definition 49 
ductility §1 
engineering properties 50 52 
ferritic 50, 51 
grades (T) 49 
hardenability, heat treatment 49. 50 
heat treatment vs properties (PF) 50 
impact strength and toughness 51 
K factor 50 
oxidation resistance 51 
machinability (F's) ¢T) 50, 145, 146, 148 
martensitic, properties (T) 50 
microstructure 49, 50 
modulus of elasticity $1 
notch sensitivity 51 
pearlitic 49-51 
physical properties ‘T 52 
processing 49, 50, 113 
properties of various types (T) 50 
rate of growth (F) 51 
specifications (T) 49 
strength at high temperatures ‘(T) 51 
strength to hardness ratio, K (F) 50 
sulfur content 49 


Nodular iron castings, See also Nodular iron 
design of 112, 
section thickness 
tolerances 
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“Nondeforming” tooi sveels, 
applications 


23, 24 
Nondestructive inspection, 
aircraft turbine disks 162 
chemical methods 161 
detection of cold shuts in bushing 162 
electrical methods 160 
examples of 161 163 
factors in selection «(T) 160 
fluorescent penetrant inspection 159 
heat-resisting metals 162 
magnetic tests 160 
methods and techniques ‘(T 161 
optical methods 160 
quality characteristics appraisable +T) 160 
radiography 159 
selection of methods for (A) 159 163 
sonic and ultrasonic methods 159 
sorting mixed lots of steel 163 
thermal methods 160 
weld soundness 161 
Nonferrous alloys, See also metal concerned 
color photomicrography 
effect of shot peening on fatigue 
strength 107 
Normalized steels, transition-temperature 
range 2 
Notch sensitivity, 
definition and terminology 101 
fatigue strength and 3, 46 
formula 100 
grain size and 101 
radius of notch and 101 
stress concentration and 101, 102 
stress-rupture tests 43 
time of test 44 
Notch sensitivity factor for 
aluminum alloys «F) 101, 102 
gray iron 110 
Haynes alloy 88 (FP) 44 
magnesium alloys 75. 101 
nodular tron 51 
Steels (F's) 101, 102 
titanium 81 
Notched-bar impact tests 2 
Oil hardening tool steel 
applications 23, 24, 28 
classification and composition (T) 22 
high and medium alloy 26 
low alloy e 25 
Oil quenching 126, 127 
Open hearth steels, SAE-AISI tabulations 5 
Ounce metal (85-5-5-5) 68 
Oxygen-free copper 64 66 
Oxygen in melting steel 155, 156, 158 
P 
Pack carburizing 29, 130, 130A 
Pack hardening of tools 26 
Painting of 
aluminum assemblies ‘(buses+ 56 
magnesium alloys and joints 75, 76 
Pearlite, 
in cast irons 49-51, 112 
in machining 145-148 
photomicrographs 145, 176 
Pearlitic malleable iron castings 112 
Peening, 
See also Shot pecning 
hand and mechanical 105, 107-109 
Penetrants used in inspection 159 
Perchlorethylene, hazards 134 
Perchloric acid, hazards 169 
Permanent mold castings 33, 55, 68 
Phase contrast metallography 165-167 
Phase microscope 165 
Phosphor bronze, A-E, wrought, 
composition 65 
conductivity «(T) 66 
fatigue (T, footnote) 66 
machinability 7 
mechanical properties 64, 66 
shot peened (T) 107 
welding 67 
Phosphor-deoxidized copper 64-67 
Phosphorized copper 64 67 
Photomicrography, See Metallography (A) 
164-177 
Pickling of 
magnesium and its alloys 74 
steel 132-134 
titanium and alloys 83 
Piercing, dies for . 28 
sheet steel 136, 137 
Piston pin bushings, automotive, ‘T) 96 
Piston pins, automotive, design, 
materials, lubrication, finish and wear 95, 96 
Piston rings, finishes, coatings, materials 
and wear factors 91, 93, 94 
Piston rods, diese! engines 95, 96 
Pistons, automotive, 
alloys for 55, 94 
wear factors 91, 94 
Plant standardization of steel 14, 15 
Plaster casting 55, 68 
Plastic coatings for magnesium 75 
Plastic molds, too! steels for 32, 33 
Plastic replica in metallography (FP) 175, 176 
Polishing and etching, electrolytic 169-173 
Polishing compounds, removal of 132 
Polishing titanium and its alloys .. 84, 153 


Pouring practice in steel melting 155, 156, 157 
Powder metal parts, (A) 151-153 
ball-burnishing 152 
coining 152, 153 
finishing 153 
heat treatment 153 
impregnation and infiltration 153 
joining 153 
machining, speeds and feeds 152 
tools for 152-153 
sizing . 153 
Power factor control, automatic, 
in steel melting 155, 156 
Press forming dies, tool steels for 29, 30 
Press forming of sheet steel (A) 134-140 
bending and forming 137 
blanking 136 
cold extrusion 139 
costs vs method > 135, 136 
deep drawing 138 
piercing 136 
selection of method 135, 136 
shaving 137 
trimming 137 
utilization of metal 140 
Presses, types of metalworking 81, 82, 135 
Pressure vessels, alloys for 42, 63-65, 67 
Prestressing 105, 109 
Production costs, 
in forming steel 135. 136 
in heat treating 128-130 
in machining 148-150 
Progressive dies 135 
Projection welding, 
powder metal parts (F) 153 
Pump shafts, automotive 96 
Punches, too! steels for 26, 30 
Q 
Quality control in shot peening 105 
Quenching of 
carbonitrided carbon steels 126 
constructional steels 6, 10, 15 
Quenching mediums, 
agitation (A) 126.127 
comparison of water, oil and molten 
Salt 26, 127 
effect of agitation (F's) 126, 127 
for tool steel (T) 24 
R 
Radiographic gaging 159 
Radiography 159 
Radiography of 
heat-resisting alloys 162 
welded joints in steel 161 
Radio-isotopes, availability of 159 
Reagents for electrolytic etching, (T) 172, 173 
precautions with 169 
Reagents for electrolytic polishing, (T) 170-172 
precautions with 169 
Reamers, selection of tool steel for 23 
Reaming of 
powder metal parts 152 
titanium and its alloys 2 


Red brass 
Refrigerant-resisting alloys 
Replica techniques in microscopy 
Resistance brazing 
Resistance welding of 
copper and its alloys 
magnesium and its alloys 
powder metal parts (PF) 
titanium and its alloys 
Rimmed steel, 
continuous casting 
pouring practice 
Rolling, for surface working 
Rossi-Junghans continuous casting 
machine 
Rupture strength, ‘definition 


Ss 


Salt bath quenching ... 
Scale, removal methods 
Searf joints, for brazing (F's) 
Scuffing wear in engines : 
Sealing compounds for joints 
Season cracking of copper alloys 
Section thickness of castings 109, 
Selection of 
alloy steels (A) . 
aluminum alloys (A) 
copper and copper (A) 
cutting speeds 
magnesium 
metal cleaning methods (A) 


110, 


nondestructive inspection methods (A) 


stainless steel castings 
titanium and alloys 
tool steels (A) 
Selenium copper . 
Semi-killed steel, bottle-top molds for 
transition temperature range 
SG iron, See Nodular tron 
Shafts, selection of steels for 
Shaving, sheet steel, allowances ‘(T) 
Shear blades, too! steels for 
Shell molding of aluminum alloys 
Shock-resisting tool steels 


67 

74 

153 

82, 83 
158 

155 

108 

158 

43 

126, 127 
132, 133 
115, 120 
91 

56, 76 
67 

113, 114 
1-20F 
52-63 
64-72 
149 
131 134 
159-163 
40 

86, 87 
21-23 
64, 65 
157 

2 

10, 11 
137 

7, 28 
55 

26, 28 


a 65, 66, 69 
64 
175-177 
122 
a 
> 113 
112 
a 113 2 


Shot peening (A) 


Almen test strips for , 106 
applications ... 75, 103, 106, 107 
definition an 105 
extent of improvement (P's) 105, 106 
hand peening 105, 108, 109 
process 104-106 
to increase fatigue limit ‘F's: 103-106 
to reduce stress concentration effects 103 
Silicon-aluminum bronze 69-72 
Silicon brass 68-72 
Silicon bronze, 
cast 68, 69, 72 
wrought 
fatigue limit (P) 119 
selection factors 64, 67 


Silicon-molybdenum steel (15 Si-05 Mo) 43 
Silver-bearing coppers ‘ 65, 66 
Silver brazing, See Brazed joints (A) 
Single point tool, ASA nomenclature (FP) 142 
Sintered carbide, See Cemented carbide 


Sinterings, powder metal (A) 151-153 
Sizing of 

powder metal parts 153 

sheet steel .. 139 
S-N diagram, See also Fatigue limit 

definition 108 
Soil, removal from steel sheet 131 
Solvent cleaning 131-133 

hazards 13 
Sonic testing 159 
Sorting 160 


combined with inspection of alloys 
160, 162, 163 
Spectroscopic testing 160 
Spheroidal graphite iron, See \odular tron 
Spot welding of 


copper and its alloys 67 
magnesium and its alloys 7 
powder metal parts 153 
titanium (T) ... 83 
Springs, 
leaf 2. 6 
carbon steels for 13 
copper alloys for 64 
treating of 64, 105, 107, 109 
Stainless steel, 
article (A) 34-41 
austenitic 34.39 
brazed joint strength ‘F's 118, 120 
cast 39-41 
cleaning 132 
composition limit r a4 
ferritic 38, 39 
HT, cast, stress-rupture (F) 48 
heat treating 39 
high-temperature behavior 42 
joggling 82 
martensitic 38 
mechanical properties, annealed ‘(T 35 
cold worked ‘T 35 
melting 156 
physical properties, wrought (T) 36-37 
production (F) 35 
properties 35.38 
shot peening for fatigue strength (T 107 
strength/weight ratio vs temperature (Fi 86 
welding 39 
wrought 34-39 
Stainless steel, trade designations 34-39 
13-2, shot peening for fatigue strength 
106 
18-8, shot peening for fatigue ‘T) 107 
304 and 304L, stress-rupture (FP) 48 
316, stress-rupture (F) 48 
347, properties vs temperature (FP) 121 
Stainless steel castings 39-41 
Stainless steel sheet and strip, 
index to tolerances and limits (T) 140 
Staking of powder me parts 153 
Standardization of steel grades 15 
Steam turbines, service life 43 
Steel, 
AISI products manuals, indexed (T) 140 
AISI-SAE designations, 
See Stee SAE-AISI 
availability from warehouse (T) 14 
brazed joints 118-120 
brittle failures ....... 2 
carbonitriding (A) 124-126 


carburizing 


130, 130A 
cold drawing vs 4 


strength (FP) 


comparison with titanium 86 
continuous casting 157, 158 
damping capacity 110 
extrusion, process 139-140 
tool steels for 7, 30 
fatigue ....... 1, 100-108 
data (FP) .. 101, 102, 107 
failures in (PF) 7-100 
terms, definition 108 


vs size, formula (footnote) 103 
forming of sheet (A) 
hardenability 4, 6, 10, 11 
hardening, depth of 


hardness vs properties (F's) 12 
heat treating, costs (A) 128-130A 

procedures 6, 10, 124-127 
machinability 146-148 
machining costs 148-150 
machining of (A) 141-151 
mechanical properties 12. 13 
melting 154-158 


notch sensitivity, toughness (PF) 3, 101, 102 
plant standardization problem 14 
properties, correlation of (F's) . 12 


Steel (continued) 
purchasing by mill heat 
selection by hardenability 
cost (T) 
depth of hardening ‘T) 11, 
engineering considerations 
selection, for cold extrusion 
for constructional use (A) 
shot peening 
sorting of mixed lots 
standardization of grades 


Steel, SAE-AISI, See also Steel 
composition limits, C steels «T) 
H-steels (T) 


Standard alloy steels 
hardenability bands, H-steels 
machinability (F's) (T) 
properties (T) 
selection by hardenability «T) 


5 


11, 14, 16-20E 


warehouse stock (T) 4 
Steel castings, 
ASTM specifications 
design 113-114 
dimensional tolerances 114 
machine finish allowances ‘T) 114 
Steel forgings, cleaning 132, 133 
Steel melting (A) 154-158 
basic electric furnace melting 155 
basic open hearth process 154 
Bessemer process 154 
continuous casting of steel 157 
ingot and pouring practice 156 
vacuum and atmosphere melting 158 
Steel melting furnaces, 
basic electric 155, 156 
basic open hearth 154 
induction 158 
vacuum 158 
Steel sheet, 
bending and forming 137, 138 
blanking 136 
cleaning 131 
cutting clearances in blanking 136 
deep drawing 138, 139 
forming 134-140 
ironing 139 
pickling 133 
piercing 136, 137 
purchasing 14, 140 
removal of drawing compounds 131 
shaving 137 
sizing or striking 139 
thickness ordering ranges 140 
trimming 137 
utilization 140 
Steel sheet and strip, tolerances and limits 
index (T) 
Steel tubing, magnetic testing for surface 
defect 163 
Steels, SAE-AISI, trade designations 
C1006 to C1151, 
applications 4-15, 92-96 
composition limits «7 3 
fatigue data ‘F's: 101, 102 
machinability data (F's: «T) 146-148 
properties of cold drawn bars «T) 5 
hot rolled bars «T) 5 
selection 10-15 
by hardenability «T) 11 
shot peened for fatigue «(T: 105, 107 
size variations (T) 4 
warehouse availability «(T) 4 
1020, 
brazed joint shear strength (P) 118 
butt joint, strength (F) 118 
compared with 1018 15 
fracture, ductile to brittle (F) 2 
influence of cutting fluids on (T: 148 
scarf joint strength vs temperature 120 
1020, carbonitrided, 
carbon and nitrogen gradients (FP) 124 
end-quench hardenability (FP) 125 
hardness gradient (P) 124 
microstructure (FP) 124 
1020, normalized, notch sensitivity «(FP 101 
1025, fracture, ductile to brittle «(P) 2 
1042, hardenability test values (T) 6 
1112, milling, use of charts on angles (FPF) 143 
1330 to 9850 and 868 45-H, 
applications 4-15. 92-96 
composition limits 20P 
fatigue data (F's) 101, 102 
machinability data (F's) «(T) 146 148 
selection 10-15 
selection by hardenability «(T) 11 
shot peened for fatigue «(T) 105, 107 
warehouse availability «(T) 4 
1340, fatigue tests on steering knuckle (T) 105 
4000 series, engine tappets 04 
4130, stress-deformation tests (FP) 44 
4140, brazed joint, shear strength (PF) 118 
butt joint, strength (F) 118 
carbonitrided, heavy-duty gears 126 
engine cylinders 92 
4340, carbonitrided, heavy-duty gears 126 
fatigue data 105 
5115, piston pins 95 
5120, engine tappets 
5140, carbonitrided, heavy-duty gears 126 
8640, carbonitrided, heavy-duty gears of 126 
effect of heat treatment and micro- 
structure on tool life (F 147 
machinability 148 
selection of cutting speed 150 
tool life curves (FP) 146, 147 
9400, quenching-cooling rates (FP) 126 


Steels, SAE-AISI, H-steeis, 
1330-H to 9850-H, 


applications 4-15, 92-96 
compositions (T's) 16 20E 
hardenability bands (F's) 16 20E 
hardness limits specification «(T) 89 
selection by hardenability 
3310-H, range of core hardness 4 
4140-H, fracture, ductile to brittle «FP 2 
4817-H, machinability «(T) 148 
8635-H, minimum hardenability «F) 10 
8650-H, minimum hardenability «F) 10 
carburizing cost problem 128 

machinability «T) 148 
Stockroom standardization of steel grades 5 
Strain gage analysis of castings 110 
Stress analysis 1, 110 
Stress formulas 97 


Stress concentration, 
application to brittle and ductile metals 100 


article (A) 97 103 
definitions 97. 100 
design improvements 100 103 
fatigue failures resulting from (P's) 97. 100 
in brazed joints 117 
notch sensitivity and 101, 102 
surface improvement 2, 103, 104 108 
Stress concentration factor, 
definition and formula 97, 108 
values for several configurations (F's) 98 100 
Stress concentration factors 
combined factor, definition 100 
for several configurations ‘F's: on. 99 


Stress corrosion cracking, copper alloys 64, 67 
Stress distribution, 
improvements in 103 
in brazed joints 118, 119 
Stress ratio, definition 108 
Stress relieving of 


copper alloy 67 
deep drawn steel 139 
nodular iron 49. 112 
titanium alloy parts 81, 83 
Stress-rupture of 
aluminum alloys «F) 53 
Haynes alloy 88 (FPF) 44 
N-155 alloy «(F) 45 
nodular tron (FP) 51 
8-590 alloy 43 
V-36 alloy (FP) 45 
Stress-rupture tests 42 44 
Stress vs creep rate, a4 
design curves for 45 
Stress vs deformation, 44. 45 
design curves for 45 
Stresses, residual surface 
effect on fatigue strength 105 
Stretch forming of titanium 81 
Striking of sheet steel 139 
Submerged-are welding of copper alloys 67 
Surface finish, Se: rouahne ralur 
Surface hardening of 
ferrous powder metal parts 153 
titanium and its alloys a3 
Surface roll ° 108 
advantages and disadvantages 105 
crankshaft fillet 108 
extent of improvement of strength 104 
magnesium alloys 75 
process and tooling 108, 109 
Surface roughness value 
brazing, joint preparation 122 
engine parts 92 96 
machining, design of tool 151 
Surface working, See Shot pecning Surface 
rolling, and Prestressing 
Tantalum carbide tn cutting tools 142 
Tappets, engine, 
alloys for TT 4 
design of and design data 94, 95 
finishes for 
types (FPF) v4 
Tapping of 
powder metal parts 152 
titanium and its alloys #2 
Taps, selection of tool steel 23 
Tellurium copper 64. 65 
Tellurium-nickel-copper 65. 66 
Tempering of 
case in carbonitriding 125 
nodular tron 49 
steel 12 
tools 26 
Tempers, 
designations for aluminum (T) 73 
designations for magnesium ‘(T) 713 


Tensile strength ‘density ratio vs temperature 


for eight alloys 
Ternalloy 5 and 7 63 
Testing. nondestructive (A) 159 163 


Testing equipment for 


nondestructive inspection 159 163 
Testing for soundness 159 163 
Testing for thickness 159 
Testing of heat-resisting alloys, 

creep tests 44 

nondestructive 162 

short-time tension tests 42 

stress-rupture tests 42 44 


Tetrachloroethylene, hazards with 
Tetraecthyl lead, effect on valve seats 95 
Thermal conductivity of 
copper alloy castings 72 
copper and its alloys “4, 06 


1954, PAGE 
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— 
14, 140 
4 
11 
16 20E 
1 
139 
1-15 
104-108 
163 
15 
16-20E 
20F 
16 20E 
146-148 
| 


Thermal inspection methous 
Thread-cutting dies, tool steels for 
Thread gages, tool steels for 
Thread rolling dies, tool steels for 
“Through hardening” steeis, selection 
by cost (T) ee 
Tin bronze, « astings 
Tin in copper alloys, embrittlement 
Tin mill products, 
cleaning 
index to tolerances and limits 
Titanium and titanium alloys (A) 
annealing 
anodizing 
applications 
available forms 
bending radii for sheet 
cleaning and finishing 
corrosion resistance of 
properties 


elevated-temperature propertie 

fatigue limit and fatigue ratio 

forging of 

forgings, bars and rods, propertie 

forming of sheet 

heat treatment of 

Kroll process 

machining and grinding 

metallography of 

mill form production of 

notch sensitivity of 

oxidation of 

production 1948-1953 

production of ingots 

properties, all temperatures 

seam spot welding of 

selection of 

sheet, strip and plate properties «T) 

strength/weight ratio at 300-700 F 

stre rupture ° 

stretch forming of 

welding of owe 
Titanium (99.0 Ti), data sheet 
Titanium (99.2 Ti), data sheet 
Titanium (99.9 Ti), data sheet 
Titanium-aluminum-chromium, 

Ti 3 Al-5 Cr, properties (T's) 
Titanium-aluminum-chromium-iron- 

molybdenum, 
Ti-5 Al- 14 Cr-1.3 Fe-1.3 Mo, 
properties (T's) . 

Titanium-aluminum- manganese, 

Ti-4 Al~4 Mn, properties (FP) 


Titanium aluminum- tin, 
Ti-5 2.5 Sn, properties (T's) 
welding 
Titanium carbide. in cutting tools 
Titanium-chromium-iron-oxygen 
Ti-2.7 Cr -1.3 Fe -O, properties 
Titanium-iron- molybdenum, 
T 


i-2 Pe-2C 2 Mo, properties (T's) 87 


Titanium- Ti-8 Properties 
‘(Fi (T's) 86, 87 
Tolerances, dimensional, for. 
corrosion-resistant castings 
ferrous castings .. 111 
sheet metal parts 
Tool life for 
maximum production 149, 
minimum cost 149 
Tool life of cutting tools 142, 144 
Tool life curves (F's) ... 50, 146, 
Tool steel, See also Tool steel selection for 
air-hardening 
composition and classification ¢(T) 
for blanking 
for die blocks and die inserts 
for extrusion dies 
for forging machines 
for thread rolling dies 
for trimming dies 
medium-alloy cold work 
carbon-tungsten 
characteristics of groups monn r 
chromium hot wor 
classification 
classification cross-index (T) 
comparison of attributes (T) 
compositions (T) 
cost, relative (T) 
decarburization tendency 
designation cross-index (T) 
distortion in hardening (T) 
grades 
hardenability, depth of «(T) 
hardening temperature range 
hardness, recommended 
heat resistance (T) 
high-carbon high-chromium cold work 
high-cobalt cutting tools 
high speed, 
chotce of grade 
composition and classification 
for blanking .. 
for cold extrusion dies” 
for cutting tools 
for thread rolling dies 
for trimming dies 
molybdenum with tungs 
selection 
identification cross-index (T) 
low-alloy special-purpose, type L 
low-carbon mold 
machinability 
molybdenum high speed 
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Tool steel (continued 
molybdenum hot work 
“non-deforming”’ characteristics 
oil-hardening 
cold work 
composition and classification «(T) 
for blanking 
for cutting tools 
for die blocks and die insert 
for die casting dies 
pretreated, 
applications (T) 
hardness ranges of (T) 
quenchants recommendations (T) 
required characteristics vs use (T) 
safety in hardening (T: 
selection, See 7 stes 
shock-resisting (T) 
toughness ‘(T) 
tungsten high speed 
tungsten hot work 
types (T) 
water-hardening .. 
composition and classification (T 
for blanking 
for cold heading 
for cutting too! 
for die blocks and die inserts 
for die casting dic 
for drawing and forming 
for gage 
for plastic molds 
wear resistance (T 
Tool steel, AISI-SAE, 
avallable types (T's) 
Classification 
compositions 
Tool steel, AISI-SAE to ASM cross index 
Tool steel selection for 
blanking and piercing dies 28 
coining dies 
cold extrusion dies 
cold heading dies 
cold work operations (T) 
crowners ... 
cutoff tools 
cutting tools 
die blocks and die inserts, cold heading 
P 


casting dies 
inserts 
and punches 

drawing cups 

drawing titanium ,.. 

drawing wire, bar, and tubes 

drills 

extrusion dies 

forging machines 

forming 

gages 

gripper and header dies 

hot extrusion 

molds, copper castings 

nut dies 

permanent molds 

piercers and punches 

piercing dies 

plastic molds 

punching thin materials 

rollers, surface working 

severe service dies 

shearing 

solid shear 

thread gage 

thread rolling dies” 

trimming dies and trimming tools 

wire drawing 
Tooling, 

machining, production cost 

press-forming, cost vs choice 

production, press forming 
comparative costs vs methods (FPF) 
multiple-operation 

short-run 

single-operation 
Tools, 

broaching, for powder metal parts (F) 

burnishing, 

for powder metal parts ‘F) 152 

machining, for powder metal parts (F) 

stress concentration failures (FP) 97 

surface condition 
Toughness in tool steel (T) 
Toxicity of industrial solvents 
Transfer presses 
Transmission line, aluminum 
Tribo-electric effect 
Trichloroethylene, hazards with 
Trimming of sheet steel 
Trucks, 

aluminum usage in 

life testing 
Tubing, thin-wall 

current manufacturing process 
Tumbling of parts, cleaning methods 
Tungsten carbide dies 
Tungsten finishing steel, 

See Toolstecl, water-khardening 
Tungsten high speed tool steel 
Turbo-jet engines ........ 
Turning of 

powder metal parts ... 152 

steel, 

cutting speeds (T) 146-148 
tool geometry .. 141-144, 150, 151 
titanium and alloys (T) 82 


22-26. 28-31 
43, 85, 162 


Ultrasonic cleaning 
Ultrasonic testing, 
immersed 
Ultraviolet metallography 
Unfired pressure vessel code of ASME 
for design strength values 
Upsetting of screws, rivets and bolts 


Vv 


Vm», cutting speeds for steels and cast 
irons 146, 
Vacuum and atmosphere melting of steel 
Vacuum melting furnaces for steel (FP) 
Vacuum metallizing in microscopy 
Valve bronze, See | caded tin bron 
Valve guides, materials used 
Valve seats, effect of fuels on 
inserts, metals used 
Valves, 
alloys and treatment for 
finishes and coatings 
Vanadium tool steel 
Vapor degreasing 
Vibration in designing with titanium 
Von Bolton arc melting of titanium 


Water-hardening, low-alloy die steels 
Water-hardening tool steel, See Tool steel 
water hardening 
Water quenching 
Wear land on a cutting too! 
Wear of engine parts, 
bearing 
camshafts and tappets 
crankshafts 
cylinders and liners 
pistons and rings 
piston pins and bushin 
service conditions 
valves, seats, guides 
water pump shaft 
Wear of metals in engines (A 
engineering design 
plated finishes 
selection of metals 
Wear resistance of 
chromium-plated engine cylinders 
chromium-plated piston rings 
copper alloy castings 
engine valve guides 
engine valve seats 
gray iron 
nodular iron castings 
piston rings 
tool steels (T) 
white iron castings 
Welded joints, nondestructive inspection 
Welding of 
aluminum 
copper alloy castings ‘(T) 
copper and alloys 
magnesium and alloys 
powder metal parts 
Stainless steel castings ‘(T) 
Stainless steel wrought alloys ‘T 
steel, inspection of 
titanium and its alloys (T) 
Welding, braze-, definition 
Welding rods, 
ASTM specification ‘(T, footnote) 
for copper and its alloys 
Welding vs riveting, comparative cost 
on aluminum 
White iron castings, 
ASTM specification 
compressive strength 
design and applications 
wear resistance 
“White” steel sheet, definition 
Wire, 
current carrying capacities 
music, shot peened for fatigue (T) 
spring (085°; C), shot peened 
Wood-magnesium joints 
Work hardening in deep drawing of stee! 


Yellow brass, cast 

Vield strength, definition of, 
for copper and copper alloys 
for heat-resisting alloys 

Vield strength vs tensile strength for 
cold drawn and hot rolled steel 
nodular iron 


Zine in 
bronze bushings 
tin bronzes 
Zine chromate primer for 
aluminum and its alloys 
magnesium-dissimilar metals 
Zine immersion treatment for 
magnesium and its alloys (T) 
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BASKETS POTS 


TRAYS RACKS FIXTURES 


A, one of the originators and 
leading suppliers of light-weight welded alloy heat- RETORTS - MUFFLES 
treating equipment, The Pressed Steel Company ' 
offers you a wealth of experienced engineering 
assistance and production know-how. We believe 
you will find the new PSC Catalog 54 a helpful 
standard reference concerning equipment for every 
heat-treating purpose in metal-working plant, 
foundry and steel mill. 


Weigh Up to 2/3 Less. Save Time and Fuel ——s > ; 
The featured light weight of PSC units can effect COVERS : TUBES. Aamadlios 


impressive savings in fuel and heat-up time, as well 

as in furnace space. Installation records also show 

PSC sheet alloy equipment offers 2 to 7 times 

longer service life. PSC units are furnished in any 

size or design, and for any temperature up to 
2200°F. Being independent of any metal 
producers, we regularly fabricate the com- 

P plete list of alloys. Send blue prints or 
write as to your needs. 


eevee 
FURNACE TUBING: Internal, External 


THE PRESSED STEEL COMPANY ~~ 


of WILKES-BARRE, PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 
OFFICES IN PRINCIPAL CITIES 
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TRADE-MARK 


ELECTROMET 


ALLOYS FOR THE STEEL, IRON, AND NON-FERROUS INDUSTRIES 


NOMINAL 


COMPOSITION 


NOMINAL COMPOSITION 


BORON ALLOYS 


CHROMIUM ALLOYS 


Ferroboron 


Distilled Grade 


Balance largely 
Calcium Chloride 


Calcium. .approx. 99.50% 
Balance largely 
Magnesium 


Aluminum ...max.0.50% Increases hardenability 
Carbon ..... max. 1.50% of steel; also, for addi- 
i leable iron 
Min. 17.50% Aluminum ...max.0.50% ‘ons to ma 
Boron Grade - eee max. 0.50% and aluminum alloys. 
Manganese-Boron Boron .-min. 17.50% to ant 
CALCIUM ALLOYS 
Calcium-Silicon Calcium ...... 30 to 33% Deoxidizer for quality 
Silicon . . .60t065% ingot steel. Also used in 
tron 150to 3%  high-tensile gray irons. 
Calcium- Calcium .16to 20% A complex deoxidizer 
Manganese-Silicon Manganese .14to 18% used widely in produc- 
Silicon ..§3t059% tion of steel castings. 
Calcium Metal Reducing agent in met- 
Regular Grade Colelum .......... 98% 


allurgical applications, 
deoxidizer and degasi- 
fier for non-ferrous 
metals. 

For special applications 
requiring calcium of 
very high purity. 


CHROMIUM ALLOYS 


Chromium Metal 
Low-Carbon Grade 


Nitrogen-Bearing 
rade 


High-Carbon Grade 


Electrolytic Chromium 


Laboratory Grade 


Commercial Grade 


Chromium ..... min. 97% 
ere max. 0.10% 
ares: max. 1% 


Above grade with Nitrogen 
approx. 0.75% or higher 


Production of wide 
variety of non-ferrous 
chromium-bearing 
loys, including electri- 
cal resistance alloys and 
high-temperature al- 
loys. 


“EM” Ferrochrome- 
Silicon 


Used in production of 
stainless steel to reduce 
metal oxides from the 
slag back into bath. 


“EM” Ferrosilicon- 
Chrome 


For adding chromium 
and silicon to steels 
containing up to 1 or 
2 per cent chromium. 


“EM” Chromium 
Briquets 
(Hexagonal Shape) 


Chromium ....87 to 90% 
9to 11% 
ee, max. 1.25% 
Chromium ..min. 99.20% 
Iron .... max. 0.03% 
Chromium . .min. 99.00% 
max. 0.30% 
Chromium ....39 to 41% 
Silicon .42 to 46% 
Carbon max. 0.05% 
Chromium 50 to 54% 
28 to 32% 
Carbon ......max. 1.25% 
Chromium ..... ...2tb 
Total Weight ..... 3% Ib. 


For adding chromium 
to cast iron in the 
cupola. 


COLUMBIUM ALLOYS 


- Ferrocolumbium Columbium ...50t060% Stabilizer in austenitic 
Simplex” Low- Chromium .. . .63 to 66% Fae max.8% chromium-nickel stain- 
Carbon Silicon Sto 7% Carbon .....max.0.40% less steels. Also constit- 
Ferrochrome Carbon max.0.010% For producing stainless al 
gh-tempera 
or 0.025% steel, particularly the ture alloys 
2% Nitrogen- Chromium ....62to65% low-carbon grades. The 
Bearing Grade AR ate 5to7% Silicon in the alloy re- Ferrotantalum- Columbium ..approx.40% Used to supplement 
Nitrogen . ..2to 2.5% duces metal oxides from Columbium Tantalum ...approx.20% ferrocolumbium in 
5% Nit ath. Rapid solubility ee to less steels and high- 
Nitrogen ...... 5to 6% i 
Carbon ....max. 0.025% 
errochrome ilicon ...0. ol, steels and high-temper- 
(Other Grades) Carbon (10 Grades) ature alloys requiring Standard Manganese .../4to 76% Most a 
max. 0.02 to max. 2.00% low carbon content Ferromanganese OS eee approx.7% of adding manganese to 
Regular Grade max.1% steel for both alloying 
High-Carbon Low-Phosphorus Manganese ...78to80% and deoxidizing pur- 
Ferrochrome Chromium .. . .67 to 70% Grade errr max.7% poses. Also for coun 
Max, 4,50, 5.00, or lto 2% max.2%  teracting sulphur in 
ae” Grade we fina For production of engi- Phosphorus ..max.0.10% steel and cast iron. 
ox. 7, romium .... 0 n in ll teels d 
Min. 7.00% Chromium ....65to68% moderate chromium Low-Phosphorus Grade Phosphorus ..max.0.06% Additions of manganese 
Carbon Grade Silicon ........1to 3% content. Regular Grades Manganese 85 to 90% Steels of low-carbon 
56 to 62% Carbon 5 or 6% max. 0.07, 0.10, specification, particu 
Chromium Grade Silicon. . .max. 3.5 or 4% 0.15, 0.30 6.50% larly stainless stecle of 
roc chromium, 
Nitrogen-Bearing Chromium ....65to70% For additions of nitro- Regular Grade Manganese ...80to85% nickel eee. 
Low-Carbon Silicon ...0.30to 1.00% gen to improve proper- (High-Silicon) Carbon ..... max. 0.75% 
Ferrochrome Carbon .....max.0.10% ties of high-chromium 5to 7% 
“Mansiloy” Alloy Manganese ...60t063% Used in production of 
“SM" Ferrochrome Chromium ....60to65% A high-solubility chro- Silicon ...... 28to31% stainless steels to re- 
Silicon ....4to 6%  mium addition for steel eee max.0.07% duce metal oxides from 
or iron in either fur- Phosphorus ..max. 0.05% back into the 
anganese nace or ladle. ath. 
Exothermic Chromium ..approx.60% These improved exo- Silicomanganese . 
Ferrochrome Carbon ..max.4.5% thermic Max. 1.50% Manganese ...65to68% A useful 
Exothermic Chromium ..approx.46% have high solubility, low Carbon Grade Silicon 18 to 20% di 
Silicon-Chrome Silicon approx. 23% carbon pickup, and high Max. 2.00% Manganese ...65 to 68% ome a 
Carbon max l 00% ignition temperature. Carbon Grade Silicon 15 to 17 50% 
Foundry Ferrochrome Chromium 62 to66%  Developedespeciallvyf. Max. 3.00% Manganese 65 to68% ladle or in the furnace. 
High-Corbon Grade Silicon 7 to 10% high-solubility ladle Carbon Grade Silicon . .12 to 14.50% 
Carbon Sto 7% additions of chromium Medium-Carbon Manganese ..80t085% For making low- and 
Chromium ..50t0 54% to improve composition Ferromanganese Carbon 1.25to 1.50% medium-carbon man- 
Low-Carbon Grade ..28 and properties of cast Silicon.max. 1.00 to 1.50%  ganese steel and Had- 
arbon max. % tron. 


field steel. 


*All of the alloys and metals listed are produced in the usual lump, crushed, or ground sizes, except where other special forms ore indicated. 
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NOMINAL COMPOSITION 


NOMINAL COMPOSITION 


USES PRODUCT * USES 
MANGANESE ALLOYS cont. SILICON ALLOYS cont. 
Low-lron Manganese 85to90% For high manganese Magnesium- 
Ferromanganese . approx. og additions to certain Ferrosilicon 
max.3% non-ferrous alloys, par 
max. 2% ticularly Regular Grade Silicon 43to47% For addition to cast 
se oth as deoxidizer % special oper tre 
Carbon ..... max.0.20% and alloy in production — 
max. 1.00% of numerous non-fer- 
max. 2.50% rous metals and alloys. 
— For adding manganese TITANIUM ALLOYS 
anganese Briqu (with silicon) to cast 39% 
(Square Shape) Total Weight ..... 342 lb. iron in the cupola. 0 io% 
“EM” Ferro- Manganese ........ 2\b. For adding manganese ature metals 
Total Weight ....... (without silicon) to Silicon-Titanium Titanium 40 to 50% For tte 
3 P cast iron in the cupola. Silicon 45to50% nium to steels or non 
tron max. 3% ferrous alloys 
Manganese-Nickel- Titanium 431048%  Deoxidization of nickel 
SILICON ALLOYS Titanium — approx. 25% alloys ' 
anganese max. 8% 
50% Ferrosilicon = 
Regular Grade Silicon ....... 47 to 51% 
Blocking Grade fer ment TUNGSTEN ALLOYS 
Boron-Bearing Silicon ...... 47 to 51 grades of killed or semi- Ferrotungsten Conforming to AS.1.M Production of tool and 
Grade Boron . .0.035 to 0.045% killed steel. Blocking Spec 144-50 die steels: also high 
Low-Aluminum Silicon ...... 47 to 51% grade specially sized for temperature alloys 
Grade Alumin maximum efficiency. 
mum .. Tungsten Metal Powder 
or 0.10% “ Production of tungsten 
Melting Grade Tungsten min. 98.80% cast 
errosilicon otal Carbon. . max. 0.25% Bae 
Regular Grade Silicon ....... 
Low-Impurity Grade Silicon . .61.50 to 66.50% Mainly 
Aluminum .men. 0.50% Calcium Tungstate Tungstic Oxide. 68to72% For making tungsten 
Total Impurities chemicals and other 
max. 1.00% tungsten products 
75% Ferrosilicon Deoxidizer and alloy Calcium Tungstate = Tungstic Oxide 68to 72% Making tool steels and 
Regular Grade Silicon ....... 73 to 78% for production of high Nuggets high-temperature al 
Low-Aluminum Silicon ....... 73 to 78% silicon spring and elec- loys 
Grade Alumin .0.50% trical sheet steel. 
inum max. 0.50% Goaghitiaen iuenden Ammonium Tungstic Oxide min. 88.7% Intermediate for tung 
loam, Paratungstate sten products 
Regular Grade eee 83 to 88% Enables melter to add VANADIUM ALLOYS 
Calcium-Bearing Silicon ...... 83 to 88% higher percentages of 
Grade Calcium ....min. 0.50% silicon without chilling Ferrovanadium Vanadium 50 to 55% Production of tool and 
Low-Aluminum Silicon ....... or 70 to 75% engineering steels, high 
Seats Aluminum _. max. 0.50% tizing inoculant for Carbon max.0.20,0.50, strength structural 
cast iron. or 3.00% steels, non-aging rim 
90% Ferrosilicon 1.50, ming steels, and wear 
Regular Grade 92 to 95% Permits large additions la 
kow-Aluminum 92t095% ofsilicon without harm- 
Silicon Metal Additions of eilicen to CaO approx.2% manufacturing cata 
Regular Grade Silicon ...min.97 0r96% non-ferrous metals, par Sodium Polyvanadate V:(0s approx. 85% _—lysts. 
max.lor2% ticularly aluminum and (Red Cake) Na:0 
copper. High-Purity V20s approx.99.50% nad ounds 
Purified Grade Silicon ..99.70 to 99.90% For applications in Ammonium NH«VOs min. 99% 
......005to.015% non-ferrous industry re- Metavanadate lysts 
quiring silicon of high =~ 
Low-Calcium Grade min. For high-silicon alumi 
FON max. n ll 1 
Calcium ..... max.0.10% cium is detrimental. 12 to 15% Zirconium 12 to 15% powerful deoxidizer 
Zirconium Alloy Silicon . . ..39t043% Also increases depth of 
Low-Aluminum SOND scvcoses min.98% For the production of Carbon .....max.0.20% hardening 
Aluminum ...max.0.10% — where aluminum is det 35 to 40% Zirconium 35to40% Deoxidizer for fine 
rimental. Zirconium Alloy Silicon ......471052% grades of alloy steels 
“SMZ" Alloy 60to65% Particularly strong Carbon ..... max. 0.50% 
Manganese 5to 7% graphitizing inoculant a 
Zirconium ..... 5to 7% used in cast iron. Zirconium For adding zirconium 
“EM” Silicon Briquets riquets (Cylindrical icon ‘ and silicon to cast ion 
Shope) or Total Weight ...... 5\b. cast iron in the cupola 
Electromet,' ‘EM,’ Mansiloy,’" nd 
1 Ib marks of Union Carbide ond Carbon 
Total Weight . Ib 


IF YOU HAVE A METALS PROBLEM 


More than 50 different alloys and metals are produced by 
Evectromer. If you need help in selecting the proper alloys, 
be sure to consult one of Evectromet’s specially trained metal- 
lurgists and engineers. Address your inquiries to one of the 
offices listed at right. 


ELECTRO METALLURGICAL COMPANY * 


Birmingham 1, Ala.. 
Chicago Ill... 
Cleveland 14, 
Detroit 2, Mich.. 
Houston 11, Texas 
Los Angeles 58, Calif. 
New York 17, 
Pittsburgh 22, Pa. 
San Francisco 6, Calif. 


Ohio 


N.Y. 


P.O. Box 196 


230 N. Michigan Avenue 

Union Commerce Building 

6-240 General Motors Building 
....6119 Harrisburg Boulevard 
2770 Leonis Boulevard 
30 East 42nd Street 
Oliver Building 

22 Battery Street 


In Canada: Electro Metallurgical Company, Division 


of Union Carbide Canada Limited, Welland, Ontario 


Union Carbide and Carbon Corporation 
2nd Street New York 17, N. Y. 


PERSONAL MENTION 


Brief biographies of the 
members of the ASM 
Metals Handbook Committee 
and chairmen of the 
technical committees 

whose reports appear 

in this issue 


Edgar 0. Dixon 


Chairman 
ASM Metals Handbook Committee 


Ep Dixon is an engineer, metal- 
lurgist, research executive and chair- 
man of the ASM Metals Handbook 
Committee. As vice president in 
charge of research and metallurgy 
for Ladish Co., his responsibilities 
cover a wide range of problems 
associated with the production of 
forgings. Following these products 


METAL PROGRESS; PAGE A-92 


Edgar O. 


through to their many applicatious 
takes him into most parts of the 
metalworking industry, as well as 
many other metal-using industries. 
His breadth of experience and his 
great interest in the orderly presen- 
tation of engineering information 
combine to give Dixon an exception- 
ally well balanced view and to make 
him a truly effective leader of the 
ASM’s Handbook activities. 


After completing his formal tech- 
nical education at the University of 


Dixon 


Illinois, he went with International 
Harvester Co., in 1919. He was 
chief metallurgist of that company’s 
roller bearing and magneto plant 
for five years before joining Ladish 
in 1928. Since then he has covered 
the entire gamut of open and closed 
die forgings, from steel pipe line 
fittings to titanium gas turbine parts. 
He was responsible for developing 
the largest closed die forging made 
up to the present time. 


Ed Dixon joined ASM in 1922 
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COPPER 

COPPER ALLOYS 

ALUMINUM ALLOYS 
ELECTRIC WELDED STEEL TUBE 


These are freely available now, so that designers have full 
freedom to choose the materials that best meet their desires. 


WORKABILITY. Revere Metals can be easily fabricated. 


PLATING. Copper and Brass are noteworthy for the ease and 
economy with which they can be plated with nickel, chromium, 
silver, gold, and other metals. Special plating tempers and 
finishes are available if indicated. Steel Tube is also quickly 
plated. 


COLOR. You have a wide choice, from the whiteness of nickel § RE VE. Fee 
silver and aluminum to the yellows of the brasses, and the red of Fae 


copper. Aluminum may be anodized to show almost any color. af COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 

FORMS. Revere produces sheet, strip, plate; rod and bar; tube ar. 230 Park Avenue, New York 17, N.Y. 

ine: H ; ‘ Mills: Baltimore, Md.; Chi and Clinton, 111; Detroit, Mich., 
tube. N.Y. Sales Offices in Principal Cities, Distributors Pverywhere 
TECHNICAL COLLABORATION. The Revere Technical Advisory 
Service collaborates on fabrication problems of all kinds, and 
has saved important sums for many customers. See the nearest 
Revere Sales Office. 
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DON’T GUESS AT DEW POINTS 
MEASURE THEM ACCURATELY 
with the 
ALNOR DEWPOINTER 


Here’s the modern way to quickly and accurately read the dew point in 
controlled atmospheres—the Alnor Dewpointer. Its simple, direct operation 
assures laboratory accuracy by non-technical personnel . . . in the field, 
plant, or wherever precision checking is necessary for quality results. 


The Dewpointer is the only instrument of its kind that is self contained 
. «. it is readily portable and requires no external coolant or auxiliary 
apparatus. Operates on either A.C. or enclosed battery power. Over 600 
large industrial concerns rely on Dewpointer precision and many find the 
instrument pays for itself in savings on CO2 alone. 


Guesswork Eliminated 


The Dewpointer eliminates all guesswork —as when 
trying to read indications on a polished surface in 
other less accurate instruments. You actually see 
the dew or fog suspended in the enclosed 
chamber — under conditions that can be con- 
trolled and reproduced accurately. You'll want 
to know more about this unique instrument 
that brings portable laboratory precision to 
your dew point determinations, so send today 
for your copy of the Dewpointer Bulletin. Illinois 
Testing Laboratories, Inc., Rm.523, 420 N. La Salle 
Street, Chicago 10, Ill. 


on INSTRUMENTS 
RY UND UST 
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and is a past-chairman of the Mil- 
waukee Chapter. He has been active 
in other technical societies, especially 
ASTM, ASME, SAE, SESA and 
API, and has served on specification- 
writing groups and on technical and 
governmental committees. 


Floyd R. Anderson 


FLoyp ANDERSON is a Coloradan 
who has been practicing metallurgy 
in his native state since 1925. He 
began as a laboratory assistant at 
the Denver Rock Drill Co. in his 
home town of Denver. Since then, 
that company has become Gardner- 
Denver Co., and Anderson has be- 
come chief metallurgist. 

Anderson left Denver for a few 
years in the early thirties to serve as 
metallographist for Colorado Fuel 
& Iron in Pueblo, returning in 1934 
to become assistant metallurgist with 
Gardner-Denver. He has been chief 
metallurgist since 1937. 

Anderson has been active in the 
American Society for Metals since 
1937. He has been chairman of the 
Rocky Mountain Chapter and a 
member of the National Nominating 
Committee; at present he is serving 
on both the Metals Handbook Com- 
mittee and the ASM Committee on 
Tool Steel, which has contributed a 
detailed report on selection of tool 
steels in this issue. 

Anderson has served on various 
other technical society and govern- 
ment advisory committees over the 
past fifteen years. He is a member 
of the American Welding Society, 
Society for Nondestructive Testing, 
and the National Association of 
Foremen. Although not a degree 
holder, he was recently elected to 
Tau Beta Pi at the University of 
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PRECIS! 


SPE CIAL:IST—One who devotes him- 


self to some special branch of activity. 


At Northwest our “special branch of activity" is 
solving your cleaning problems. 


Behind your friendly, competent Northwest Sales Engineer stands a 
Remember — YOUR COST PER FIN- reputation for providing industry with low-cost, analytically-correct, 


ISHED ARTICLE IS THE TRUE COST job-adjusted chemical cleaners. 
OF YOUR CLEANER. 


Northwest's production-tested chemical From Northwest's years of experience in formulating the RIGHT 
and “Right the first time’ recommenda- cleaner for your specific needs have come such developments as 
tions will save you money. Northwest the LO-HI pH PROCESS—for cleaning prior to plating, painting, or 
& vitreous enameling; ALKALUME PROCESS —for preparing aluminum 
\ and magnesium for finishing and spot welding; INTERLOX PROCESS 
-for phosphate coating; SPRA-LUBE—to control over-spray of ‘‘to- 
@ day's” paints in water wash paint booths; PAINT STRIPPERS- 
specific to your needs; SUPER-DRAW & FLUID FILM—for draw- 

ing metals. 
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For more than a quarter of a century, Demp- 
$ sey has designed and built gas, oil, and 
electric fired industrial furnaces to exacting 
customer specifications . 


. . from this fully 
automatic continuous roller hearth atmosphere 
controlled bright annealing furnace installation 
to the batch type radiant tube roller and rail 
heat treating furnace. 


DEMPSEY 
FURNACES 


ATMOSPHERIC 
RECIRCULATING 
PUSHER 

ROTARY HEARTH 
CONVEYOR 
RADIANT TUBE 
POT 
CAR-BOTTOM 
ALUMINUM 
REVERBS 


TAILORED BY DEMPSEY 


Dempsey engineering service will 
work closely with you to solve any 
heat treating problem of modern 
industry. 


Send for 
Literature 


IAL FURNACE CORP 
CHUSETTS 


ASSA 
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Denver. He served in various gov- 
ernmental consulting projects during 
the second World War. 


William Lawrence Badger 


In 1926, Bapcer graduated 
from Northeastern University, went 
to work for General Electric Co., 
and joined the ASM. He was placed 
in charge of metallurgy in the Thom- 
son Laboratory of General Electric 
in 1942 and became manager of the 
newly formed Small Aircraft Engine 
Laboratory of the company in 1954. 
His primary interest in all of these 
positions has been high-temperature 
metals. 

Mr. Badger has been active in 
the Boston Chapter of ASM and was 
chapter chairman last year. As well 
as being a member of the Metals 
Handbook Committee, he served on 
the ASM Committee on Heat-Resist- 
ing Alloys for this Supplement. For 
a number of years he has held 
membership on the Heat-Resisting 
Materials Committee of NACA and 
is at present chairman of that group. 
He is also on the NACA Committee 
on Power Plants for Aircraft. 


Orville E. Cullen 


As chief metallurgist of Surface 
Combustion Corp., Ory CULLEN is 
close to both heat treating and steel 
mill practices, two subjects of major 
interest to ASM’ers. He has been 
active in the affairs of the Society for 
fifteen years, and a member of the 
Handbook Committee since 1952. 
He served the Toledo group as chair- 
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DEMPSEY INDUSTR 


with 


LOW TEMPERATURE SILVER BRAZING ALLOY 


Continuous grinding gages made by Arnold and distrib- 
uted by Federal “take the gamble out of grinding” by 
automatically controlling dimensions. They are helping 
many manufacturers to speed and simplify cylindrical 
grinding operations and to eliminate waste caused by 
undersize rejects and oversize regrinds. 

Silvaloy Low Temperature Brazing Alloys and APW flux 
are used in the manufacture of these gages, to be certain 
of strongest possible construction and trouble-free per- 
formance. Some of the Silvaloy-brazed points are shown 
here. 

Low Temperature Silvaloy Brazing is helping to speed 
production, lower costs and improve results for manufac- 
turers in many fields. Call the Silvaloy Distributor in your 
area for information—or ask him for technical assistance. 
A Silvaloy Technical Engineer will be sent to your plant, 
at once, without cost or obligation to you. * * * * 


THE 


SILVALOY 


EAGLE METALS COMPANY 
SEATTLE, WASH, « PORTLAND, ORE. MILFORD, CONNECTICUT 
SPOKANE, WASH. NASHUA, NEW HAMPSHIRE 


KEYWAYS, ETC. 


CARBIDE TIPS BRAZED IN POSITION 
7 | PLUNGER IS BUTT BRAZED TO SHANK 


ARNOLD 


EDERAL 


DISTRIBUTORS 


FREE: SEND FOR 48-PAGE BOOK “A COMPLETE GUIDE TO SUCCESSFUL SILVER BRAZING” 


EDGCOMB STEEL OF NEW ENGLAND, INC. THE HAMILTON STEEL COMPANY STEEL SALES CORPORATION 
Division of FEDERATED STEEL CORPORATION CHICAGO, ILL 


+ MINNEAPOLIS, MINN. 


CLEVELAND, OHIO INDIANAPOLIS, IND. « KANSAS 
CINCINNATI, OHIO CITY, MO. « GRAND RAPIDS, MICH. 
DETROIT, MICH. » ST. LOUIS, MO 
NADEL " &. Division of F £0 STEEL CORP 
BALTIMORE, MD. + YORK, PA. PITTSBURGH, PA.» CINCINNATI, OHIO ——PACIFIC METALS COMPANY LTD. eae 
KNOXVILLE, TENN. SAN FRANCISCO, CALIFORNIA 
OLIVER H. VAN HORN CO., INC. SALT LAKE CITY, UTAH LICENSED CANADIAN MANUFACTURER 
MAPES & SPROWL STEEL COMPANY NEW ORLEANS, LOUISIANA LOS ANGELES, CALIFORNIA BAKER PLATINUM OF CANADA, LTD. 
UNION, NEW JERSEY + NEW YORK CITY FORT WORTH, TEXAS - HOUSTON, TEXAS SAN DIEGO, CALIFORNIA TORONTO + MONTREAL 


THE AMERICAN PLATINUM WORKS 


231 NEW JERSEY RAILROAD AVENUE > 


NEWARK 5, NEW JERSEY y 
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tells the story. 


ELECTROPLATING 


4 may provide the answer. 

Fi PORUS-KROME — Will bond atomically with most ferrous 
e metals, aluminum, copper, nickel and 
Es their alloys. Provides a wearing surface 
: with all the wear resistant qualities of 
; chromium PLUS an affinity for lubricants. 
3 VANDERLOY — An electrolytic iron that bonds atomically 


machined parts. 


fixtures for applications 
is imperative, 


HILVERSUM, HOLLAND 


OLEAN, NEW YORK 


with most ferrous metals, aluminum, cop- 
per, nickel and their alloys. Ideal for the 
economical reclamation of worn or mis- 


VAN DER HORST — A leader in the design of electroplating 


where precision 


TERRELL, TEXAS 
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0. E. Cullen 


man in 1946, and as Secretary in 
1944. 

Cullen was born in Michigan, 
received his elementary and high 
school education in Toledo, and re- 
turned to Michigan to take his 
college training at the University of 
Detroit. After getting his Bachelor 
of Metallurgical Engineering degree 
in 1930, he spent six years with 
General Reduction Corp. in Detroit 
as a research engineer. In 1936, he 
returned to Toledo to join Surface 
Combustion as a research and de- 
velopment engineer, and was named 
chief metallurgist in 1942, special- 
izing in the development and appli- 
cation of controlled atmospheres and 
heating furnaces. 

For four years, beginning in 1943, 
Cullen found time to lecture in 
metallurgy at the University of 
Toledo evening classes, and more 
recently has been chairman of the 
ASM Toledo Chapter’s educational 
committee. 


Thomas E£. Eagan 


Tom Eacan is chairman of the 
ASM Committee on Engine Metals, 
as well as being a member of the 
Metals Handbook Committee. 

When Eagan joined Cooper-Besse- 
mer as chief metallurgist in 1934 
after several years as assistant 
superintendent of research at Mid- 
vale Co., he was returning to the 
section of his native Pennsylvania 
where his early schooling was 
gained. He also studied at Columbia 
University and Missouri School of 
Mines, being granted B.S. and Met. 
Engr. degrees by Missouri Mines. 
His first employment with 
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The Steel-Weld Fabricated steam condenser unit, illustrated 
above, and the parts and assemblies shown at the left, are 
typical of thousands of Steel-Weld Fabricated units pro- 
duced and machined by Mahon for hundreds of manu- 
facturers of processing machinery, machine tools, and other 
types of heavy mechanical equipment. Perhaps you, too, 
should discuss this service with a Mahon sales engineer. If you 
require parts or assemblies including large, heavy pieces 
where time and pattern costs are a consideration, you can 
turn to Mahon with complete confidence . . . personnel and 
facilities are available within the Mahon plant to do the 
complete job from drawing board to finished machining. You 
will find in the Mahon organization a unique source with 
complete ultramodern fabricating, machining and handling 
facilities to cope with any type of work regardless of 
size or weight . . . a source where skillful designing and 
advanced fabricating technique are supplemented by 
craftsmanship which assures a smoother, finer appearing 
job embodying every advantage of Steel-Weld Fabrication. 
See Mahon’'s Insert in Sweet's Product Design File, or have 
a Mahon engineer call and give you complete information. 


THE R. C. MAHON COMPANY 


DETROIT 34 MICHIGAN 
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BARRETT 


BRAND 


Anhydrous Ammonia 
FOR METAL TREATING 


Here’s Why in a Nutshell: You get 6750 cubic 
feet of mixed hydrogen and nitrogen when a single 
150-pound cylinder of Barrett Brand Anhydrous 
Ammonia is disassociated at normal temperature 
and pressure. One of the most economical sources 
of disassociated hydrogen and nitrogen for metal- 
lurgical uses! 


Economical For These Important Uses! 

—Protective atmosphere for bright annealing, braz- 
ing and powder metallurgy. 

~—Nitriding of alloy steels and carbonitriding (Dry 
Cyaniding) for treatment of steel. 

—Case hardening of iron and steel with case depths 
up to 0.025 inches. 

—Sintering of metal powder compacts. 

—Augmenting corrosion — resistance treating for 
aluminum, magnesium, other light metals. 


—As a solvent in making electrolytes for electrolytic 
recovery of salts. 


Fast Delivery. Barrett Brand Anhydrous Ammo- 
nia is stocked coast-to-coast in 150-, 100- and 50-Ib. 
cylinders. An adequate supply of cylinders in all 
sizes helps assure fast delivery in the size you want. 
If you use large quantities, ask about our tank truck 
delivery service—you'll save money. 

FREE Technical Help. Technicians specially 
trained in the use of Anhydrous Ammonia for 
metal treating will help you. No obligation. Also, 
valuable handbook, “Guide to Use of Barrett Am- 
monia in Cylinders” shows most economical usage; 
contains chemical properties, handling, charts, ete. 
FREE! Ammonia Leak Detector Safety Kit! 
Pocket-size, this new handy kit quickly detects 


ammonia leaks. May be used over and over. Write 
today! 


NITROGEN DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


T. E. Eagan 


Simonds Saw and Steel, at Harri- 
son, N.]. 

Eagan has been an active worker 
in technical societies. He is a past 
national director of AFS and _ this 
year received that society's Joseph 
S. Seaman gold medal for his work 
on alloy cast iron. He has been a 
member of ASM since 1925 and 
is a past-chairman of the Mahoning 
Valley Chapter. 


Bruce W. Gonser 


Bruce 


Gonsen has long made a 


specialty of the less common metals 


—including titanium, which is be- 


coming more common these days. 


Dr. Gonser is chairman of the 
ASM Committee on Titanium, joint 
authors of the extensive section on 
that metal which appears in this 
issue. 

Dr. Gonser is a technical director 
of Battelle Memorial Institute. A 
native of Indiana, he was graduated 
from Purdue in 1923. The next year 
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THE SPENCER TURBINE COMPANY 


New Park Avenue, Hartford 6, Conn. 


Manufacturers of Organ Blowers, Turbo-Compressors and Vacuum Cleaners 


VACUUM CLEANERS 
Spencer portables are 
made in a range of sizes 
from 4% HP to 15 HP, with 
large capacity dirt cans ar 
ranged for easy emptying. 
These units have ample 
vacuum power for all kinds 
of industrial cleaning and 
waste removal. A complet: 
line of heavy duty vacuum 
and attachments 1s 
available, and deseribed in 


Mulletin No. 115. 


Vy HP Commercial 


tools 


OFFICE CLEANING 


The 4% HP illustrated, 
and also the 4% and 1 HP 
sizes are particularly well 
adapted for the office end 
ot the building. The smaller 
sizes are light enough to be 
carried up and down stairs, 
and all have sufficient power 
for fast and thorough 
cleaning, Bulletin 114. 


1!/. HP Industrial 


INDUSTRIAL CLEANING 

The 1% HP unit 
shown has sufficient power 
for the industrial end of an 
average plant. For large lit- 
ter, or heavy duty cleaning, 
the 74% HP unit may be 
used two operators 


also 


with 
working at the same time. 
Lulletins 102 and 112. 
Stationary Systems are 
available up to 100 HIP and 
deseribed Bulletin No. 
1235. 

Gasoline engine driven 
units and various combina 
tions for water pick up are 
also available. 


Stationary 


SPECIAL APPLICATIONS 


In addition to regular tloor and overhead cleaning, 
more than 100 special applications fr vacuum are de 
scribed in Spencer Bulletin No, 144. Also, bulletins are 
available on the following subjects: 
Boilers = boiler efficiency is increased by removing soot 
from boiler tubes. Bulletin No. 137. 

Drill-Vac A hood is connected to rock drills, removing 
dust hazards and increasing drilling speeds. Bulletin 
No. 111. 

Sump-Vac_ Liquids are removed from sump tanks in 
minutes instead of hours. Bulletin No, 130. 

Conveyors Pneumatic conveying of bulk material or tube 
svstems —- either by vacuum or pressure blowing. Bulletin 


No. 143, and Bulletin No. 104. 


etaoiil 


TURBO-COMPRESSORS 
(Blowers) 

Spencer Turbos are built 
in sizes from 8&5 to 20,000 
¢.f.m. and from four ounces 
to ten pounds pressure, 
They are distinguished by 
the simple, all metal con- 
struction, light weight im 
pellers, wide clearances and 
long lite characteristics. 


GAS BOOSTERS 


Spencer Gas Boosters are 
available for 
in gas 


all conditions 
operation and for 
handling various kinds of 
acid fumes, poisonous, cor 
rosive or explosive 
Bulletin No. 126, 


DIRECT DRIVEN 


Most units are electric 
motor driven with the im 
pellers mounted directly on 
the motor shaft for simph 
of construction, How 
ever, they can be furnished 
with ftlexible couplings 
where preferred, and alse 
driven by steam turbines on 
Diesel Engines, if electric 
service is not available. 


BELT DRIVEN 


Where special driving 
units are use d or sym eds de 
not permit direct connec 
tion, belt drives can be tur 
nished. THlustration shows 
one of the small belt drive 
high speed units recom 
mended for laboratory o1 
light duty work, 


APPLICATIONS 


Durbo-Compressors are regularly used for 


Spence! 


supplying low pressure air to a wide variety of applica 
tions including the following: 


Combustion Air For oil and gas burners at constant 
pressures for most efficient operation, 


Foundry Cupolas 


specialty. 


Unusually well adapted for this 


Blowing For agitation of liquids; cooling heat treated 
parts; drying; liquid removing and a hundred other uses 


where air at low pressure is required, Details in Bulletin 


No. 107. 1954 
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MANGANES 
POWDER | 


metal powders 


for increasing output 


reducing costs 


improving product quality 


For more than 20 years, Plastic Metals has served 
industry as its most dependable source of a wide 
variety of grades of iron powder. During this time, 
Plastic Metals has become the country’s largest pro- 
ducer of electrolytic iron powder and has achieved a 
leading position in the production of other ferrous 


and non-ferrous powders. 


Plastic Metals produces the following metal powders 
in standard grades and to customers’ specifications with 
respect to chemical, physical, or magnetic properties: 


PLAST-IRON available in three 
types, each the result of extensive 
research and development for spe- 
cific applications: 


1. A high quality electrolytic iron 
powder of extreme purity — ideally 
suited for electrical and magnetic 
applications and, because of its 
excellent compressibility, for the 
fabrication of high density sin- 
tered parts. 
2. Reduced oxide types of powder 
offering a wide range of properties 
high green strength, good flow, 
unusual compressibility, high sin- 
tered strength, etc. 


3. An iron powder specially 
developed for the production of 
television transformer cores with 
exceptional permeability and “Q” 
values in frequency range of 10 to 


100 KC. It also has excellent com- 
pacting properties. 


PLAST-NICKEL a high grade 
nickel powder wiih purity ranging 
from 97% to 99%. Either spherical 
or irregularly shaped particles can 
be supplied. 


OTHER METAL POWDERS 
can be supplied to specification. 
Likewise, large scale pulverizing, 
screening and annealing facilities 
are available for the preparation 
of a wide variety of substances 
required in powdered form. 


We will be glad to talk with you 
about metal powder possibilities 
and limitations and to put you 
in touch with reliable and experi- 
enced metal powder fabricators for 
a practical discussion of your par- 
ticular problems. 


© PLASTIC METALS 


DIVISION OF THE NATIONAL RADIATOR COMPANY 
JOHNSTOWN, PENNSYLVANIA 
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he earned a M.S. at the University 
of Utah and started a tour of em- 
ployment with American Smelting 
and Refining Co. which took him 
to six different states. This was fol- 
lowed by graduate study and a 
D.Se. degree at Harvard. Gonser 
also worked in metallurgical research 
with Superior Zinc Corp. and Na- 
tional Radiator Corp. before joining 
the Battelle staff in 1934. 

He has been a member of ASM 
since 1936, and is a past-treasurer 
of the Columbus Chapter and 
member of the present Metals Hand- 
book Committee. He has appeared 
as a speaker before some 35 ASM 
groups during the past ten years. 


Max A. K. Hansen 


Max Hansen came to this country 
from his native Germany in 1947 
to become associated with the IIli- 
nois Institute of Technology. He is 
at present consultant to the Insti- 
tute’s Armour Research Foundation. 

Dr. Hansen, a member of the 
Metals Handbook Committee since 
1949, is the author of the well known 
compendium of phase diagrams, 
“The Constitution of Binary Alloys”, 
published in Germany in 1936. He 
received his doctorate from the Uni- 
versity of Gottingen, in 1924, at 
Tammann’s Institute. For many years 
he was simultaneously associated 
with the Technical Institute of Ber- 
lin and the Duerener Metallwerke 
A.G., of that same city. Dr. Hansen 
rose to be vice president of Duerener 
and was professor and head of metal- 
lurgy at the Technical Institute when 
he came to the U.S. He was also 
associated with the Kaiser Wilhelm 
Institute for Metal Research in Ber- 
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DESIGN ENGINEERS SAID... 


UGH 
SPE 


@ SEVERELY COLD-WORKED, FURNACE-TREATED 
‘STEEL BARS 


( / 


C) 
ey 


Mich., have again j= : Another 
Reo Lawn Mower 


Reo engineers needed top performance from this _ tion of four qualities in-the-bar: Strength, Wearability, 
new drive shaft . . . so they insisted on STRESS- Machinability, and Minimum Warpage. Yet it costs 
PROOF ! They knew from years of successful experi- _less than the other quality cold-finished steel bars. 
ence with STRESSPROOF that it could take abuse. STRESSPROOF makes a better part at lower cost ! 
It had both the strength and wearability to stand up —=—‘It is available in cold-drawn or ground and 
under the toughest service—and its excellent machin- __ polished finish. 

ability was most welcome from a cost standpoint. 


The alternative to STRESSPROOF would have 


; SEND FOR... 
been a heat-treated part, with the attendant cleaning, Free Engineering Bulletin 
straightening, and machining problems. “New Economies in the Use 

Only STRESSPROOF gives you a unique combina- of Steel Bors 


La Salle Steel Co. 
1424 150th Street 
Hammond, Indiana 


Manufacturers of the Most Complete 
Line of Carbon and Alloy Cold-Finished ¢ address 
and Ground and Polished Steel Bars in America. ! 


City— Zone— State—_____ 


JULY 15, 1954, PAGE A-105 


me 
1 ++ 
+ + ++ 
$33 G7 
a 
ae ee 
\\ 
| 
J 7 
A 
(4 


» PROGRESS; PAGE A-104 


J A complete line of WALTZ 
stendard of special heat treating 
furnaces, using oll types of fuels, 


a Waltz Heat Treating 


P lant Now you can do it yourself in 
your own shop with your own heat treating 
department that can be tucked away in a 
corner no bigger than a utility kitchen. 
Sending out parts for heat treatment is an 
unnecessary cost, adding to materials- 
handling expenses and production delays 
caused by waiting for outside services. 
And the Waltz complete heat treating unit 
will make the same profit FOR you as the 
outside service collects FROM you. 

This versatile investment heat treats, 
quenches, draws, stress relieves, normal- 
izes, anneals. Enjoy these heat treating 
facilities right in your own shop. 


Features include: 


1. Heating furnace with range of 1000° to 2400° F, auto- 
matically controlled. (Dimensions: 12” wide x 10” high 
x 18” deep) 

2. Tempering of drawing oven is recirculating type with 
ronge of 250° to 1100° F, automatically controlled. 
Alloy steel lined with perforated shelf. (Dimensions: 21” 
wide x 10” high x 18” deep.) 

3. Two quench tanks for oil and water. By means of dou- 
ble wall construction, oil tank is entirely surrounded by 
water for cooling the oil, thus producing more uniform 
quenching. 

4. Foot treadles operate furnace and oven doors so that 
hands are free for work. 

5. Automatic, electronic-type controls. 

6. Shipped ready to install by simply connecting gas ond 
power line. 


| Waltz, FURNACE COMPANY 


SYMMES STREET 
CINCINNATI, OHIO 


lin as head of the metallography 
department, and I. G. Farbenin- 
dustrie, in magnesium research, dur- 
ing his early professional career. 


N. E. Promisel 


Nate Promiser, chief metallurgist 
and head of the materials branch 
of the U. S. Navy Bureau of Aero- 
nautics, has contributed to this issue 
in three ways—as chairman of the 
Committee on Magnesium, member 
of the Committee on Titanium, and 
member of the Metals Handbook 
Committee. 

Mr. Promisel is a native of Massa- 
chusetts; he received B.S. and M.S. 
degrees in electrochemical engineer- 
ing from M.LT. in 1929 and 1930, 
and joined International Silver Co. 
as a research electrochemist in 1930, 
later becoming assistant director of 
research. He left that company in 
1940 to engage in private consulting 
work in metallurgy, electrochemistry 
and metal finishing. 

With the outbreak of the war, 
Promisel accepted a position with 
the Navy, taking charge of several 
programs of the Bu- 
reau of Aeronautics. He moved into 
his present position in 1945, and 
now has responsibility for a diversity 
of research, development, control 
and specification activities. 


Robert Sergeson 


Bos SeRGESON has been continu- 
ously employed in the steel industry 
since his graduation from the Uni- 
versity of Pennsylvania in 1922. 
Now chief metallurgical engineer of 
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Gre built to suit your requirements. 
Write today to Dept. W fer comprehensive 
ME) 


FORMBRITE’S SUPERFINE grain structure enables Special Products Co. to buff this equipment in half the time necessary with ordinary brasses. 


New kind of brass called “FORMBRITE” cuts finishing costs 


The bright, lustrous finish you see on 
this fireplace equipment — made of 
FOKMBRITE” sheet metal —is the result 
of a simple color buff that took about 
half the time previously required. 
FORMBRITE'S appearance after buffing 
speaks for itself. 

FORMBRITE'S superfine grain struc- 
ture provides a surface far superior to 
ordinary drawing brasses. In every 
case, it’s meant important savings in 
finishing costs ...and improved prod- 
uct quality. 

FORMBRITE is readily formed, drawn 
or embossed . . . results in products 
that are harder, stronger, “springier” 


and more scratch-resistant. 

But don’t take our word for it. Read 
what others say about this specially 
processed drawing brass: 


Niagara Searchlight Corp. — “Cuts pol- 
ishing and buffing time on flashlight 
end caps 50°, ... plating and general 
quality are improved, too.” 

Aeroplane Tackle Mfg. Co. —“We cut 
polishing costs over 25° ...on several 
stamped products we get the required 
finish by a simple tumbling before 
lacquering or plating.” 

Sheaffer Pen Co. — “Savings in polish- 
ing costs are as high as 50°... Formbrite 


gives us a longer-lasting product.” 


Yet with all the plus values ronm- 
BRITE Offers over conventional brasses 
it costs no more. You can do it better, 
faster and cheaper with ronmenrr 
Want a sample? More information? 
Write: The American Brass Company 
Waterbury 20, Conn. In Canada 
Anaconda American Brass Ltd., Neu 
Toronto, Ont. *nee. s. rat. on bana 


an product 
made by The American Brass Company 


ae 


Thompson Precision-Engineers 
Light Metal Castings for 
All Industry 


ES, there és a connection— 

both ice scoops and air- 
craft pistons are products of 
Thompson's versatile Light 
Metals Division. 


Ice scoops, used in making 
cold soft drinks, and pistons, 
used in high speed aircraft en- 
gines are but two of the many 
light, strong, durable castings 
being designed, developed and 
produced by Thompson’s ex- 
acting engineers. 


Over 50 years experience in 


research and manufacture of 


precision metal parts enables 
Thompson today to offer aid to 
all forms of industry. Thompson 
is now producing light metal 
castings for suchdiversified 
products as aircraft and wash- 
ing machines; buses and gar- 
bage disposers; tractors and out- 
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board motors; automobiles and 
industrial engines. 


Regardless of your product, 
if you use castings, Thompson’s 
creative engineers will gladly 
show you where and how you 
can simplify your operations 
and save on costs with Thomp- 
son Light Metals Castings. 


For a detailed description of 
the Thompson Light Metals 
facilities which are available to 
you, send for your free copy of 
“Creative Castings.” Just write 
to Dept. MP-9, Light Metals 
Division, Thompson Products, 
Inc., 2269 Ashland Rd., Cleve- 
land 3, Ohio. 


You can count on 


LIGHT METALS DIVISION 
2269 Ashland Rd. + Cleveland 3, Ohio 


Robert Sergeson 


Rotary Electric Steel Co., in Detroit, 
Sergeson began his career with the 
old Central Steel Co. in Massillon, 
Ohio, immediately after receiving 
his B.S. in chemical engineering. By 
the early thirties, the company had 
become Republic Steel Corp., and 
Sergeson, having worked in various 
operating departments in the mean- 
time, was in charge of the metallur- 
gical laboratory. He joined Crucible 
Steel in 1938 as chief metallurgist 
of the Park Works in Pittsburgh, 
and became chief metallurgical engi- 
neer of Rotary Electric in 1945. 
Sergeson has been an ASM mem- 
ber for 30 years. He was chairman 
of the Canton-Massillon Chapter in 
1932-33, a member of the ASM 
Advisory Committee on Navy Die- 
sels in 1951 and of the ASM Metals 
Handbook Committee since 1952. 


L. E. Simon 


Larry Simon is another triple- 
threat man on the Handbook team. 
Chief metallurgist of Electro-Motive 
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ROTARY BATCH CARBURIZERS 
The Batch Type furnace 
(shown above) is highly 
flexible in that it can 


handle atmosphere or 
general work inde- 
pendent charges for 
hardening, annealing, 
and normalizing of metal 
products, also calcining 
and roasting of paint pig- 
ments, drying or burning 
abrasives and oxide re- 
duction. Extremely eco- 
nomical, the various sizes 
of this rotary furnace are 
adaptable to almost any 
work where absolute uni- 
formity is essential. 


CONTINUOUS ROTARY HEATING 
MACHINES and CARBURIZERS 


The rotary type of Continuous Clean 
Hardening Furnaces have the special 
feature of mixing the work as they au- 
tomatically advance it through the re- 
tort thus assuring uniform heating of 
all the work. Used for uniform car- 
burizing, clean hardening, annealing 
and other heat treating, these Rotary 
Retort Furnaces are equipped with au- 
tomatic controls for variable tempera- 


tures and heating time cycles. 


SPECIAL MACHINES and EQUIPMENT 


AGF engineers are able to combine standard and special 
equipment, even with that of other manufacturers where 
practical to obtain a desired result in production or perfec- 
tion of work. Ask about many examples of special installa- 


tions. 


REPRESENTATIVES IN PRINCIPAL CITIES 


Write for your nearest point of service. Direct 
factory service where not represented. 
latest Bulletins upon AGF Fur 


WRITE FOR naces. Equipment and Acces- 


sories. For general information ask for Catalog No. 606 


MERICAN Gas Furnace Co. 
1002 LAFAYETTE STREET. ELIZABETH 4, N. J. 


FURNACES AGF 


Automatic Heat Treating 
Equipment and Accessories 


The originators of much of the indus- 
trial gas controlled atmosphere equip- 
ment in use today, AGF engineers and 
metallurgists are well qualified to ree- 


ommend the proper equipment for your purpose. A 
few of the more popular types of furnaces are illus- 


trated and described. 


» OVEN TYPE FURNACES 


The large oven type fur- 
nace (shown at the left) 
is used for annealing, 
hardening, carburizing 
and a wide range of con- 
trolled temperature work 
from 1300 to 1800° F. 
Special Oven Type fur- 
naces can be had for tem- 
peratures up to 2500°. 
The liberal placing of 
independently operated 
burners in AGF Oven 
Type Furnaces makes 
them models of low gas 
consumption effi- 
ciency. 


\ 


“PIONEERS SINCE 1878" 


JULY 15, 


PRODUCTS 
ANNEALING EQUIPMENT 
BLOWPIPES 
BURNERS 
BURNER TIPS 
CARBURIZERS 
DISSOCIATORS 
FIRES: CROSS, GLASS, HAND 
FLOW METERS 
FORGES 


FURNACES: ANNEALING 
ATMOSPHERE 
AUTOMATIC 
BRAZING 


OVEN, POT 
RECIPROCATING 
ROTARY, SALT- 
BATH, TUBE 
VERTICAL 
HEATERS: SOLDERING IRON, RIVET 
MACHINES: HEATING, 
UVENCHING 
OLLER HEARTH 
MELTERS 
MIXERS 
PRESSURE GAUGES 
RATIO SETS 
TORCHES 
ZERO 


AND MANY OTH 
PARTS AND ACCESSORIES 


RECIPROCATING HEARTH 
HEATING MACHINES 
(AUTOMATIC) 


A popular controlled Atmos- 
phere Furnace that clean 
hardens from 10 to 1200 
pounds per hour of such 
products as tools, springs, 
pins, stampings, etc. In oper- 
ation the full muffle swings 
from the superstructure and 
an automatic mechanical 
movement at the end of each 
stroke advances the work. 
Any desired heating time can 
be obtained by simple adjust- 
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PROTECTION! I[ridite blocks corrosion by sealing off the 
metal from contact with vapor, moisture or other corro- 
sive elements; retards galvanic corrosion by blocking 
metal to metal contact. And Iridite holds paint firmly, 
prevents underfilm corrosion or corrosion from moisture 
penetration through the paint film. 


DECORATION! Iridite is available in a variety of basic and 
dyed colors, including sparkling bright coatings, for deco- 
rative final finishing. Colors are also useful for parts 
identification. Here’s how you can use Iridite: 


AND CADMIUM you can get highly corrosion resistant 
finishes to meet any military or civilian specifica- 
tions and ranging in appearance from olive drab 
through sparkling bright and dyed colors. 


Iridite brightens copper, keeps it tarnish-free; also 
lets you drastically cut the cost of copper-chrome 
plating by reducing the need for buffing. 


Iridite gives you a choice of natural aluminum, a 
golden yellow or dye colored finishes. No special 
racks. No high temperatures. No long immersion. 
Process in bulk. 


Iridite provides a highly protective film in deepen- 
ing shades of brown. No boiling, elaborate cleaning 
or long immersions. 


AND IRIDITE 1S EASY TO APPLY. Goes on at room temperature by dip, brush or 
spray. No electrolysis. No special equipment. No exhausts. No specially trained 
operators, Single dip for basic coatings. Double dip for dye colors. The protective 
Iridite coating is not a superimposed film, cannot flake, chip or peel. 


WANT TO KNOW MORE? We'll gladly treat samples or send you complete data. Write 
direct or call in your Iridite Field Engineer. He's listed under “Plating Supplies" in your 
classified telephone book. 


Research Propucts 


INCORPORATED 


"4008 06 MONUMENT STREET 


tridite is approved 
under government 
specifications 
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Div. of General Motors, Simon is 
not only a member of the ASM 
Handbook Committee but also of 
the Committee on Carbon and 
Alloy Steels and the Committee on 
Heat Treatment, both of which con- 
tributed articles to this issue. 

Simon went to work in the Gen- 
eral Motors Research Laboratories 
in 1937 with a B.S. degree from the 
University of Wisconsin. Four years 
later he transferred to the Electro- 
Motive Div. as heat treat superin- 
tendent and in 1942 became chief 
metallurgist. 

Simon is a past-chairman of the 
Chicago Chapter of ASM, a mem- 
ber of the ASM Publications Com- 
mittee, and served on the Society's 
Advisory Committee on Naval Gun 
Mounts. He is also active in com- 
mittee work of the SAE and was 
a member of the Metallurgical Ad- 
visory Board Panel on Boron Steel, 
for the National Research Council. 


Stephen F. Urban 


One of several winners of the 
Henry Marion Howe Medal of ASM 
who have participated in the recent 
Handbook activity is Sreve Unsan, 
director of research, Titanium Alloy 
Manufacturing Div., National Lead 
Co. 

A native of Detroit, Dr. Urban 
is a product of the University of 
Michigan, where he received his 
doctorate in 1933. After completing 
his graduate work, he joined National 
Tube Div. of U.S. Steel as a research 
metallurgist. Two years later he was 
transferred to the Research Labo- 
ratory at Kearny for a vear before 
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Genera! Fluoroscopy 


“Westinghouse 


"Westinghouse Presents: 


Industrial Fluoroscopy 


Cheaper, Faster 
Internal Inspection 


Westinghouse has lifted the curtain on its newest aid 
to industry: INDUSTRIAL FLUOROSCOPY, a 
twelve-page color booklet that explains and illustrates 
the uses of fluoroscopy for non-destructive internal 
inspection. 


INDUSTRIAL FLUOROSCOPY carries full infor- 
mation on the three methods of fluoroscopic testing: 
General Fluoroscopy for gross detail, High Bright- 
ness Fluoroscopy for medium detail and High Defini- 
tion Fluoroscopy for fine detail. The booklet includes 
the case history of how the Hercules Powder Com- 
pany solved their ticklish rocket powder inspection 


problems. In addition, INDUSTRIAL FLUOROS- 
COPY explains and illustrates the Fluorex Image 
Amplifier — a useful accessory that may be used with 
any of the above methods to intensify image brightness 
more than 200 times. 


If you are looking for a practical, economical way to 
solve your internal testing problems, send for this 
descriptive booklet today. Fill in and return the cou- 
pon below, or call your local Westinghouse X-Ray 
representative. 


§ Westinghouse Electric Corporation 
Industrial X-Ray, Department 0-93 
& 2519 Wilkens Avenue 

& Baltimore 3, Maryland 


Yes, I am interested in INDUSTRIAL FLUOROS 
COPY! Please send me my copy. 


Company... 
Address... 


City..... Zone State oe 
5.08293 
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Whatever your application of cold treatment . . . 
shrink fitting, conditioning or storage of materials, 
testing of electronic equipment, or other use . . . 
you'll appreciate the many advanced engineering 
features of these new Bowser units. 

Compact, light weight, ruggedly constructed, 
they feature wide temperature range and rapid 
pull-down. Semi-hermetic compressors eliminate 
needless bulk, provide for years of trouble-free 
operation. All units are factory tested under con- 
ditions simulating those in the customer's own 
plant. The Bowser sales engineer in your area will 
be glad to help on your cold treatment problem. 

These new Bowser units are available for 
prompt delivery . . . at a surprisingly low price. 


Write today for complete information. 


NEW BOWSER 


FOR TESTING, STORAGE 
AND PROCESSING 


Available with caster 
le operat 


ly for 


UNITS 


os- 
ion 


Semi-hermetic compressors re- 
duce bulk, insure trouble-free 


operation. 


going to South Works to be in charge 
of metallurgical research. In 1945, 
he assumed his present position with 
Titanium Alloy Manufacturing. 

Dr. Urban has been a member of 
ASM since 1928 and has served on 
the executive committees of both 
the Chicago and Buffalo Chapters. 
He is a member of the National 
Nominating Committee the 
Metals Handbook Committee at the 
present time. 


L. H. Winkler 


L. H. brings to the 
ASM Metals Handbook Committee 
nearly half a century of experience 
in the steel industry. He received 
his B.S. degree from the University 
of Missouri in 1907 and that same 
year was employed by Cambria 
Steel Co., at Johnstown, Pa., as 
a mechanical engineer. Winkler was 
in charge of the metallurgical de- 
partment at Cambria when the com- 
pany was acquired by Bethlehem 
Steel. In 1929, he was transferred 
to the office of the operating vice 
president of the company in Bethle- 
hem, Pa., where he continues to 
serve today. 

His membership in the American 
Society for Metals began in 1928. 


Fan and coil arra 
mits air circulation w 
the chamber. 


per- 
ithin 


BUWSTR TECHNICAL REFRIGERATION 
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DIVISION OF BOWSER INC. TERRYVILLE, CONNECTICUT 


Hyman Bornstein 


For more than a quarter of a 
century, Hy Bornstein guided the 
selection of materials and processes 
for John Deere farm machinery. His 
name is one of the most prominent 
in the foundry industry and among 
technical groups throughout the 


a 
iS 
\ 
aG 
: 


The Youngstown Foundry & Machine Co. (3 
VYoungstowa, Ohio 
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§,000 Ib. and 3,000 Ib. Gears have amazing properties 
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for Efficient Heat Treating 


install 


ROCKWELL 
FURNACES 
OVENS 


Gas: Oil - Electric 
Batch or Continuous 


Car type, recirculating 
furnaces for annealing 
steel costings and 
forgings. 


Continuous belt conveyor, atmosphere controlled 
furnace for bright annealing non-ferrous tubing. 


Continuous copper cake heating furnace; produc- 
tion—to 40,000 Ibs. per hour. 


Vertical oven for solution 
heating lorge aluminum 
extrusions. 


Revolving retort furnace for hard- 
ening small steel products. 


Write for Catalog on 
Rockwell Furnaces & Ovens 


2044 ELIOT STREET © FAIRFIELD, CONN. 


Sales Representatives in Principal Cities 
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Hyman Bornstein 


country. He is a past-president of 
AFS and in 1947 received that So- 
ciety’s William H. McFadden Gold 
Medal. He retired from Deere & Co. 
in 1953 to become a consulting met- 
allurgist in Moline, and con- 
tinue many of his activities in the 
service of technical societies, being 
currently chairman of the AFS Cast 
Metals Handbook Committee and 
chairman of the ASM Committee on 
Cast Metals. 

A graduate of Armour Institute of 
Technology in chemical engineering 
(1911), Bornstein also holds an 
LL.B. degree from John Marshall 
Law School (1915). He has been a 
member of ASM since 1920, is a 
past-trustee and a past-chairman of 
the Tri-City Chapter. In ASTM, he 
was chairman of Committee A-3 on 
Cast Iron for six years. He served as 
chairman of the Iron and Steel Tech- 
nical Committee of SAE and is chair- 
man of the Joint Committee on Defi- 
nitions of Heat Treating Terms. 

In the first World War, he was a 
Captain in Army Ordnance. During 
the second war, he served on the Iron 
and Steel Committee of the War 
Engineering Board and was chair- 
man of one of the Army Ordnance 
industrial integration committees. 


Howard C. Cross 


The metallurgical career of How- 
arp C. Cross began in 1921, at the 
National Bureau of Standards, six 
years before he received his B.S. 
degree in chemical engineering from 
George Washington University. 

A native of Washington, D.C., 
Cross continued with the Bureau un- 


j i 
: 
(oss) FURNACES OVENS * BURNERS * VALVES * SPECIAL MACHINERY 
ey 


of low-frequency 
(60-cycle) induction heat 


3-coil Magnethermic brass billet heater 
is rated ot 8,000 pounds per hour. 


HERE'S THE WHY 


Rapid and penetrating heat 
... preheating an 8" dia. copper 
or brass billet in less than two 
minutes... on a production 
basis. Temperature of each billet 
is measured. Cold or over heat- 
ed billets cannot reach the press. 
No need to schedule billets 
ahead of time. A Magnethermic 
Heater is always ready to go 
without warm-up time. Press 
the button and you have a hot 
billet immediately. 


This Magnethermic Shell Heater draws 
200 (75 mm) projectiles per hour. 


HERE'S THE HOW 


You require a heater with 
either single, double or three 
coils, depending upon your pro- 
duction. A Magnethermic engi- 
neer will come to your plant and 
outline what you need and an- 
swer any of your questions. Set- 
ting up for low-frequency (60- 
cycle) heating is not compli- 
cated. Installation can be made 
in a matter of hours and floor 
space is at least a third less than 
for conventional furnaces. 


HERE’S THE WHERE 


Use this penetrating heat for 
preheating, prior to hot work- 
ing such as forging or extruding. 
You can heat rounds, squares, 
hexes ... in lengths from slugs 
up to long bars. The diameter 
range: Steel (carbon or stainless) 
above 4" dia.; Brass above 2" 
dia.; Aluminum above 1” dia.; 
Titanium above 4” dia. 

For example, this method has 
proved successful for annealing 
steel parts or preheating gears 
prior to shrinking or hardening. 


Your inquiry . . 


HERE'S THE WHEREFORE 


The Magnethermic heats scale- 
free. An added incentive—this 
heat can be accomplished inex- 
—s in an inert atmosphere. 

agnethermic has pioneered 
the use of low-frequency (60- 
cycle) induction heating and has 
installed most of the heaters in 
use. Much research on low-fre- 
quency (60-cycle) induction heat- 
ing has been done in Magne- 
thermic’s research laboratories. 
Use this experience to help you 
decide which is the best heat- 
ing method for your production. 


If you want information on a 
Magnethermic Heater for your plant, 
let us know what size billet you intend 
to heat; for what use; and desired 
production rate. Your inquiry 

ull receive prompt attention. 


Why, Where, How and 
les 
— 
"le, 
WL 
MAGHEXERMIC 
coreg ation 
3990 SIMON las YOUNGSTOWN 7, OHIO 
“row 


deformation and 
flowability control. 


MOISTURE 


GREEN STRENGTH 
AND DEFORMATION 


* CASTING 
CLEANLINESS 


Improves with hardness, air-set 
and dry strength 
control. 


MOLD HARDNESS 


* CASTING 
FINISH 


Improves with sand 
grain size and distribu- 
tion control. 


FINENESS PERMEABILITY 


* CASTING QUALITY 


Improves with hot strength and hot deformation 
| control, which insures freedom from mold wall 
| and core failure at pouring temperatures. 


THERMOLAB 


WRITE FOR ADDITIONAL INFORMATION 


CONTROL fQUIPMENT 


DETROIT 4, MICHIGAN 


9330 ROSELAWN AVE. 


METAL 
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* EASE OF MOLDING 


Improves with mois- 
ture, green strength, 


Howard Cross 


til 1929, when he joined the staff 
of Battelle Memorial Institute. He 
is now assistant coordination director 
at Battelle, where he has worked in- 
tensively in his special field of high- 
temperature metals. 

Howard Cross is chairman of the 
ASM Committee on Heat-Resisting 
Alloys and for the 1948 Handbook 
was chairman of the committee that 
wrote on heat-resisting castings. He 
has been chairman of the Columbus 
Chapter of ASM, and a member 
of the society since 1923. 


Hans Ernst 


Hans Ernst, director of research 
for Cincinnati Milling Machine Co., 
has been in charge of development 
and research there during the past 
28 years. His outstanding laboratory 
has done much fundamental research 
in machining and has been the train- 
ing ground for several engineers who 
are now among the leaders in 
metal-cutting research. 


QUALITY CASTINGS 
SAND CONTROL 
AIR-SET AND DRY STRENGTH> \ 
@ q | an 
SAND - MOLD . MOISTURE 
HARRY W. Wey 


‘WE HAVE. 


in 1949 American Welding started experimental work 
on Titanium and in 1950 accomplished the first successful 
production flash butt-welding of Titanium. 


/ 


today The use of the “wonder metal” is largely restricted 
to aircraft use. American Welding annually produces thousands 
of Titanium rings for jet engines. 


tomorrow Who knows — Titanium may be used as 


widely as aluminum—perhaps even in your product. One thing is 
sure—welding will continue to be a practical and inexpensive 
method of fabricating. 


WELDING MACHINING FABRICATING 
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PRECISION INVESTMENT CASTINGS 


The Microcast process of precision investment cast- 
ing offers economies in the production of small parts 
and components not possible with ordinary metal- 
working methods. For instance, the Microcast process 
will produce intricate parts to such dimensional uni- 
formity that little or no machining is required. 
Microcast parts, as cast, are structurally sound, and 

smooth of surface. They offer you an opportunity to 
produce a better product at less cost. 

For complete information shout this unique 

process and its role in product design, write 


for our full-color booklet or free use of our 
full-color sound film on the Microcast process. 


MICROCAST DIVISION, Austenal Laboratories, Inc. 
224 E. 39th Street, New York 16, N.Y. 
7001 South Chicago Avenue, Chicago 37, Ill. 


The Original Process for mass producing Precision Investment cast blades, 
vones, and buckets for Aircraft Engines. 
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Ernst is a native of Australia, 
where he was graduated from Mel- 
bourne Technical College and began 
his engineering career before coming 
to the United States in 1915. 

He served with the Royal Air 
Force of Canada during the first 
World War, and was associated for 
eight years thereafter with the West- 
ern Cartridge Co., in research and 
machine development work con- 
nected with the manufacture of am- 
munition and sheet metal specialties, 
before taking his present position in 
the laboratory of Cincinnati Milling 
Machine Co., in 1926. 

Hans Ernst is a fellow of the 
ASME, a member of ASM (since 
1923), the New York Academy of 
Sciences, Sigma Xi, and ASTE, and 
is a past-president of the Engineer- 
ing Society of Cincinnati. 

He is chairman of the ASM Coin- 
mittee on Machining. 


Richard A. Flinn 


Dick Finn, chairman of the ASM 
Committee on Nodular Iron, is a ver- 
satile foundryman—he has made 
castings in industry, in the university 
and on TV. 

In industry he held metallurgical 
positions with International Nickel 
(1937 to 1940) and with American 
Brake Shoe (1941 to 1951). 

In the University of Michigan, he 
is professor of metallurgy and pro- 
duction engineering, and directs the 
Cast Metals Laboratory. 

On TV, he and half his class went 
on a state-wide TV educational pro- 
gram recently to show all Michi- 
ganders how castings are made. 

Dick Flinn took his undergradu- 
ate degree in chemical engineering 
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ENTHONE 


INCORPORATED 


The EBONOL SYSTEMS for blackening metals 
are based on thorough technical knowledge plus 
extensive chemical and metallurgical research 
and years of use in industry. As a result, you 
can be sure that Ebonols will produce finishes 
of the uniform high quality that your product 
deserves, at the lowest possible cost. 

We are exceptionally well equipped to study 
your specific requirements and recommend a 
practical solution. 

For STEEL 

EBONOL “S” produces jet-black oxide coatings. 
Simple and economical to operate. Operating 


WRITE US ABOUT Enthonics* as applied to ANY BLACKENING OR OTHER FINISHING PROBLEMS 


temperatures: EBONOL 285-290°F.; 
EBONOL “S-30", 295-305°F. 

For COPPER and BRASS 

EBONOL “C”, the quality black for these 
metals, meets all military specifications. 

For ZINC 

EBONOL “Z” produces a durable, deep, rich 
finish for zinc plate or zine alloy castings. Dull 
or glossy black oxide coatings are formed in 
from 5 to 10 minutes at 160-180°F. 

EBONOL “Z-80”, a blackening process for zinc 
and zinc alloys, operates at room temperature. 


METAL FINISHING PROCESSES 


442 ELM STREET, NEW HAVEN, CONNECTICUT 
ELECTROPLATING CHEMICALS 


* The Scientific Solution of Metal Finishing Problems 


JULY 15, 1954, 


U.S. Patent Nos, 
2,460, 8% 
2,400,8% 
2,481 8% 


Trademark 
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SHIELOALLOY 


99 PARK AVE., NEW YORK 16, N. Y. | 


Let Shieldalloy supply your requirements for processed 
Ores, Minerals, Powdered and Lump Metals, and Master 
Alloys from their expanded new metallurgical facilities at 
Newfield, N. J. Write for specific data. 


METALS and MASTER ALLOYS 


Chromium Metal 

Chromium — Columbium' a! 

1. For alloying additions o 
having a low Iron 


30° Tungsten — Melting Base 
2. For ease of addition and ditoatin i eel melt. 


Zirconium — Aluminum — 


: Titanium — Aluminum 
POWDERED 
: METALS CARBIDES AND 


MASTER ALLOYS 


30% Tungsten Melting Bases 
Iron Powder Tantalum Carbide 


99 PARK AVE. NEW YORK 16, N. Y. 
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at the College of the City of New 
York (1936) and his doctorate in 
metallurgy from M.LT. (1941). He 
received the Henry Marion Howe 
Medal of ASM in 1944 and the 
Peter L. Simpson Memorial Gold 
Medal of AFS in 1947. He is co- 
inventor of a steel railroad wheel and 
has recently devised a new micro- 
bend tester for observation of local- 
ized flow of metal under load. He is 
a ten-year member of ASM. 


Russell Franks 


Stainless steel use has nearly 
doubled since the 1948 edition of 
the Metals Handbook was pub- 
lished. Russet Franks is chairman 
of the ASM Committee on Stainless 
Steel which keeps the Handbook and 
its readers abreast of this growth. 

On graduation from Virginia 
Polytechnic Institute in 1921, with 
a B.S. degree in chemical engineer- 
ing, Franks joined the staff of Union 
Carbide and Carbon Research Labor- 
atories at Niagara Falls, and has 
been interested almost exclusively 
in stainless and heat-resisting steels 
ever since. 

From 1921 to 1946 he investigated 
chromium metal and chromium 
steels, took part in the development 
of the nickel-base Hastelloys, de- 
veloped several wrought high-tem- 
perature alloys for gas turbines, and 
served as chief metallurgist of the 
Laboratories during the early 1940's. 

Since 1946, Franks has been with 
Electro Metallurgical Co., another 
Union Carbide division, and at pres- 
ent is manager of technical services 
and development. 

Russell Franks co-authored “Al- 
loys of Iron and Chromium”, one of 
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STEEL 


A. M. CastLe & Co. 


Chicago 80, Illinois 


STEEL DISTRIBUTORS SINCE 1890 We certainly are interested in cutting costs...and...meeting 
oe competition. So, please send us your illustrated broadside 
containing facts and data on the new leaded alloys 


Everything In Steel - - from coast to coast 
Large, heavily stocked, completely equipped warehouses TILE... 
BALTIMORE eCHICAGO MILWAUKEE cROCKFORD sKANSASCITY 
LOS ANGELES @SAN FRANCISCO BERKELEY sSEATTLE 


of the new 
4 
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AT YOUR SERVICE 


eee on 
symmetrical 
or annular 


parts, 


ferrous and non-ferrous 


F your plans call for bushings, 

liners, sleeves, rings, rolls, or 
any essentially symmetrical shape, 
find out about the many advantages 
you stand to gain with Shenango 
centrifugally cast parts. 


BULLETIN NO. 150 covers non- 
ferrous parts in manganese and 
aluminum bronzes, red bronzes, 


brass, Monel Metal and special 
alloys. 


BULLETIN NO. 151 covers parts 


of Meehanite Metal, Ni-Resist and 
special iron alloys. 

These new bulletins show typical 
Shenango produced parts that are 
saving time, trouble and cost in in- 
dustries everywhere. Get the facts. 
Either or both bulletins are yours 
for the asking. 


SHENANGO-PENN MOLD COMPANY 
Centrifugal Castings Division 
Dover, Ohio 
Executive Offices: Pittsburgh, Pa. 


ALL RED BRONZES +» MANGANESE BRONZES + ALUMINUM BRONZES 


MONEL METAL + NI-RESIST - MEEHANITE” METAL 
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NEW 


Shenango 


the Engineering Foundation mono- 
graphs on alloys of iron. In 1950 he 
was awarded the Henry Marion 
Howe medal of ASM for his part 
in developing the extra-low-carbon 
18-8 stainless steels. 

Franks served as Chief of the 
Super-Alloys Branch of the War 
Production Board in the second 
World War, and is a member of the 
NACA Committee on Heat-Resisting 
Materials. His membership in ASM 
started in 1934. 


W. R. Frazer 


Tool steel and its heat treatment 
have been featured in every edition 
of the Metals Handbook. The Com- 
mittee on Tool Steel was among the 
first formed when the Handbook 
work began in 1923, and Bir 
Frazer, present chairman of that 
Committee, began accumulating ex- 
perience on tool steels the same 
year, when he joined Halcomb Steel 
as assistant metallurgist. Later he 
was night superintendent in the Hal- 
comb mill; in 1929 he accepted the 
position of chief metallurgist of 
Eclipse Aviation Div. of Bendix; and 
in 1935 became chief metallurgist of 
Union Twist Drill Co., the position 
he holds today. 

A native of Michigan, Frazer re- 
ceived his B.S. degree in chemical 
engineering at the University of 
Michigan in 1921, and his Se.D. in 
metallurgy at M.I.T. in 1923. 

Dr. Frazer has been an ASMer 
since 1924. He is one of the select 
group of members who have been 
chairman of more than one chapter 
— Syracuse in 1925 and New Jersey 
in 1933. He is presently a member of 
the Springfield Chapter. He pre- 
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Carbon steels are better today than ever before. A major producer of 
both carbon and alloy steels, Republic is aware of this fact. Even so, 
there are limits to the application of carbon steels, Machine design 
may restrict the size of a part. High strength may be an essential 
combination with light weight. Sometimes surface hardness and 
ductility must be held within the limits. Such are the applications 
in which only alloy steels can perform definite tasks with certainty 
of results at lower ultimate cost. 


4 


Take large sections— where hardness must be carried deep into the 
steel. Heavy crankshafts, connecting rods, piston rods, large gear and 
axles are examples. Here alloy steels are necessary, and the cost low 
in proportion to results. With carbon held constant, depth-hardening 
quality increases as the alloy content is increased. 


Sometimes weight and space limitations demand that smaller sections 
carry heavier loads safely. For safety’s sake, the answer must be alloy 
steels. Under repeated stress, high tensile strength and hardness do 
not necessarily indicate high fatigue properties. The load-carrying 
ability of a steel depends upon its alloy constituents and the form 
of the structure at the time it is bearing the load. 


A problem of high pressures at elevated temperatures may present a 
problem. But alloy steels have proved their high resistance to creep. 
Some stainless alloys maintain high strength up to 1800° F. They 
resist oxidation—therefore do not lose their strength appreciably 
through reduction of section. 


High elastic properties and strength may be the primary requirement, 
especially for welded structures. Weight reduction may be most 
important. In these applications, low carbon complex alloy steels 
offer distinct advantages. Such alloy steels at equal or higher yield 
points show low weld-hardening tendencies. Resistance to corrosion 
is improved. So is ductility of the weld. And retention of toughness 
at sub-zero temperatures, as well as creep resistance at high temper- 
atures, is better. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 


GENERAL OFFICES © CLEVELAND 1, OHIO 
Export Dept.: Chrysler Bidg., New York 17, N.Y. 


To help you get the most from alloy steels, 
Republic offers you its unique 3-D Metal- 
lurgical Service. You benefit from the com- 
bined experience and coordinated efforts of 
three groups of highly-trained men—(1) the 
Republic Field Metallurgists; (2) the 
Republic Laboratory Metallurgists; (3) the 
Republic Mill Metallurgists. All work hand- 
in-hand to help you do the job you want 
done with alloy steels at the lowest possible 
cost. Ask us about this service. 


— 


Other Republic Products include Carbon and Stainless Steels —Sheets, Strip, Bars, Wire, Pig iron, Steel and Plastic Pipe, Bolts and Nuts, Tubing 
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A COMPLETE LINE OF 


PRECISION INSTRUMENTS 
for 


Metallographers 


AO 
CONTROL 
AND 
RESEARCH 
METAL- 
LOGRAPHS 


Years ahead in optical quality and simple, rapid operation, these two AO Metallo- 

graphs outperform the field, Every operation is accomplished while you sit com- 
fortably at a modern desk ... you compose the picture on a screen directly in front of 
you... focus the camera automatically while examining the specimen through the 
microscope... take notes, change magnification, adjust the lamp, make the exposure— 
all with unbelievable speed, ease, and precision. Other features: monocular or binocular 
bodies, revolving objective turret, two lamps—visual and photographic, “autofocus” 
coarse adjustment stop. For those laboratories needing an instrument for the study of 
anisotropic materials, the AO Metallograph equipped with a circular revolving stage and 
polarized, phase, and bright field illumination, is recommended, 


spencer METALLURGICAL MICROSCOPES 


From the complete line of Spencer Metallurgical Micro- 
scopes, select an instrument that exactly meets your needs. 
e AMERICOTE OPTICS eliminate reflections, pro- 
vide added contrast. 
e WIDE RANGE ADJUSTABLE STAGE handles 
unusually large or small specimens. 
e BRILLIANT, UNIFORM ILLUMINATION from 
a vertical HWluminator that is simple to operate, 
sturdy, cool. 
e VARIETY OF EQUIPMENT for teaching, routine 


examinations, and research, 


sruncen STEREOSCOPIC MICROSCOPES 


‘Two distinct advantages are offered by these instru- 
ments: 


1. The image is erect and a wide field of view is 
provided, 

2. The image has depth and shows the specimen in 
three-dimensional perspective. 

No. 26 is designed for examining small specimens. 

No. 23 (illustrated) for large objects. No. 353 Hlum- 
inator provides an adaptable source of illumination. 


INSTRUMENT DIVISION Name 


i Address 
| Please send me complete information on 

Research Metallograph City 

O Metallurgical Microscope 

Stereoscopic Microscope State 
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sented the first series of educational 
lectures given at the Syracuse Chap- 
ter, and has served on the ASM 
National Nominating Committee. 


M. L. Frey 


Muir Frey’s most recent contri- 
bution to the educational work of 
ASM has been made in his role as 
chairman of the Committee on Car- 
bon and Alloy Steels, which is re- 
sponsible for the opening article of 
this issue. 

Frey, assistant to the general 
works manager, Tractor Mfg. Div., 
Allis-Chalmers Mfg. Co., received 
B.S. and M.S. degrees in metallurgy 
from the Missouri School of Mines 
in 1923. His engineering and metal- 
lurgical experience includes ten years 
as chief metallurgist for John Deere 
Tractor Co., Waterloo, Iowa, four 
years as service metallurgist for Re- 
public Steel, six years as chief metal- 
lurgist, Aircraft Engine Div., Pack- 
ard Motor Car Co., and ten years in 
his present position, which involves 
staff supervision of metallurgy, weld- 
ing and metal finishing throughout 
the Tractor Manufacturing Div. of 
Allis-Chalmers. 

His ASM educational activities in- 
clude a series of lectures sponsored 
by the Chicago Chapter last year in 
memory of Marcus A. Grossmann, 
articles in the publications of ASM, 
membership on the Metal Progress 
Advisory Board, chairmanship of the 
Committee on Heat Treatment of 
Carbon Steels, which has contribut- 
ed to the last two editions of the 
Metals Handbook, and membership 
on the ASM Advisory Committee on 
Naval Gun Mounts. 

A member of ASM since 1924, 
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Main Office and Plant No. 1 
2284 Scranton Road 
Phone: MAin 1-6296 


Plant No. 2 
12314 Elmwood Avenue 
Phone: CLearwater 1-8000 
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Warehousing steel plate 
service ... hot rolled plate, AMERA-MAG 
plate, Jalloy plate, Flange quality steel 
plate. 14 gauge to 6” thick. In stock! 


eo Jalloy —a special alloy steel 
for maximum abrasion and impact re- 
sistance .. . prompt service . . . expert 
engineering and fabricating facilities 
available. 

ee Fabricating — in steel plate 
... A.S.M.E. certified welding. Under- 


writers approved tanks. Bases, beds, jigs, 


fixtures, ete., to specifications, 


Production Items —heavy 
machinery and industrial equipment, 
engineered, fabricated, assembled, 
finished — ready for operation. 


Crucibles — of AMERA-MAG 
steel for magnesium melting. No copper, 
nickel contamination. Many times safer, 
longer lasting, better than cast. 


- Ladles — for aluminum, magnes- 
ium, zine, all sizes. AMERA-MAG pressed 
steel construction, Safer deep drawn, 
better pouring, 50% lighter than cast. 


os Skimmers — Perforated, made 
of fine-grained AMERA-MAG steel. Order 
with AMERA-MAG crucibles and ladles. 


Prompt delivery from stock! 


Metallizing — Qualified oper- 
ators. Protect your metal from corrosion 
and heat oxidation. Extend service life of 
iron and steel equipment. 


x The American Tank & Fabricating Co., in 14 years of specialized service to industry has devel- 
oped a new steel... AMERA-MAG... the finest of all carbon steels. Its resistance to thermal 
shock, high-heat, distortion, and its high strength at elevated temperatures may mean untold 
extra profits for you. Ask your industrial engineering consultant about AMERA-MAG today! 


TANK & FABRICATING CO. 


2284 SCRANTON ROAD, CLEVELAND 13, OHIO 
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EQUALS 


SAVING 


When you use Perm-A-Clor for your degreasing operations, you know why Detrex 
has become industry's largest direct supplier of trichlorethylene. The reason is very 
simple — you get more for your money! 


To begin with, Perm-A-Clor is premium grade solvent. Through Detrex’ modern 
producing facilities and improved techniques, it costs no more than ordinary solvent. 


Just as important are the significant savings you enjoy as a result of the Detrex field 


service organization . . . largest in the industry. This is an automatic, cost-free benefit 
for all Perm-A-Clor users. 


Specifically, a Detrex field technician visits you to check the quality and efficiency 
of your degreasing operations. Because Detrex produces both equipment and 
solvent, our technicians understand the behavior of solvent as well as the design 
and operation of the equipment in which it is used. These specialists know every 
factor which influences solvent economy—time cycles, parts drainage, control of 
air-mix solvent vapors, and complete distillation, to name a few. 


Training of operators and supervisors is also a regular function. In short, the Detrex 
service man becomes a technical advisor on your staff whose watchful eye can save 


you hundreds of dollars per year without fuss or fanfare .. . an established fact 
in plants the country over. 


To measure the value for yourself, let the nearest Detrex technician prove what he 


can do to cut your degreasing costs, boost your quality. The coupon below will 
start the wheels in motion, please use it. 


| would like the Detrex Field Technician to point out ways to cut my degreasing costs at no 
charge to me for the service. Please have him call. 


NAME___ 
ADDRESS 


TITLE 


CITY ZONE_____STATE 


CORPORATION 
DEPT. $-111, BOX 501, DETROIT 32, MICH. 


Frey has served as chairman of the 
Milwaukee Chapter and vice-chair- 
man of the Detroit Chapter. He has 
also been chairman of the SAE Iron 
and Steel Executive Committee, the 
SAE Tractor and Earth Moving 
Group (Panel D), and the Detroit 
section of AIME. 


T. A. Frischman 


Tom FriscuMan, in his eighteenth 
year as chief metallurgist for the 
Axle Div. of Eaton Mfg. Co., in 
Cleveland, is chairman of the ASM 
Committee on Heat Treating. This 
committee has prepared three arti- 
cles for this issue, including one on 
the cost of heat treating. 

Frischman began his career at 
National Tube Co., after graduating 
from Case School of Applied Sci- 
ence with a B.S. in metallurgy in 
1925. He was with Eastern Rolling 
Mill Co. of Baltimore for one year 
and Timken Steel and Tube for eight 
years before accepting his present 
position at Eaton in 1937. 

Frischman has been an ASM mem- 
ber for more than 25 years and an 
officer of the Cleveland Chapter. He 
is also active in SAE and ASTM. 


J. B. Johnson 


]. B. Jounson is chief scientist of 
the Aeronautical Research Labora- 
tory of the Air Force at Wright-Pat- 
terson Air Force Base, Dayton. His 
several titles during 38 years with 
the Air Force and its predecessor or- 
ganizations may all be fairly sum- 
marized as “in charge of metals and 


Look ro [TREX ror 
Pram 
PERM-A-CLOR — 


TITANIUM STRIP is descaled continuously 
on time cycles as low as 30 seconds, 
with excellent results 


Use this fast, safe Hooker Process 
for descaling steel and titanium mmersion wat 


on 5 tons of stainless wire. A water 
Descale alloy steels and titanium in any form —-rapidly, safely-—using the quench, 3-minute acid dip, and final 
+ water rinse produce a clean, bright 
Hooker Process with Virgo® Descaling Salt. surface with no pitting or etching 
A bath of molten Virgo Descaling Salt quickly converts scale, rust, and 
other surface impurities to an acid-soluble coating. A quench, acid dip, 
and final spraying then remove this coating in from one-tenth to one- 
hundredth the usual pickling time, with no measurable effect on the 
base metal. 
You can easily set up the Hooker Process for batch or continuous opera- 
tion on any form of work including strip, sheets, bars, wire, tubes, plate, 
castings, forgings, and fabricated parts. You can usually process work as 
fast as your handling methods allow, with a minimum of supervision. 
Operation is safe for personnel, and there is little or no spent-acid dis- 
posal problem. 
You can profit by the experience of more than 50 companies now 
using the Hooker Process successfully to speed up descaling of alloy steels 
and titanium in practically every form. 
You'll get quick service on any descaling problem, by writing or pho- 
ning us. Complete test and engineering facilities are at your disposal, LIGHT-GAUGE ALLOY STRIP is descaled 


at 20-35 > 
without obligation. 
bath, after annealing 


Send for these bulletins Get the whole story on Virgo 
Descaling Salt for alloy steels and titanium how the 
Hooker Process works, its advantages, how to set up a 
Virgo descaling line, and the services you enjoy as a 
user. No obligation. Write us today 


HOOKER 


HOOKER ELECTROCHEMICAL COMPANY CHEMICALS 


30 Forty-seventh Street, Niagara Falls, N. Y. 
NIAGARA FALLS * TACOMA * MONTAGUE, MICH. * NEW YORK * CHICAGO + LOS ANGELES 
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Hit your alloying 
target with 


Is your target is a special metal powder 
part, it will pay you to investigate Metal 
Hydrides’ hydrimet alloys... an extensive 
line of special pure or pre-alloyed metal 
powders. 

Available to you through the Hydrimet 
Process are titanium, zirconium, colum- 
bium, tantalum, cobalt, chrome and 
nickel, either as pure metals or in any pre- 
alloyed combinations. Evaluate them 
either alone, in pure or pre-alloyed form 
or as additives to other metal powders. 
They may be the fastest, easiest, most 
economical means with which to hit your 
PM production target! 


Your inquiry will receive prompt, in- 
terested attention without obligation. 
Write now! 


Metal Hydrides 


INCORPORATED 


30 CONGRESS ST., BEVERLY, MASS. 
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J. B. Johnson 


metallurgy”. The metals he knows 
best are aluminum, magnesium, tita- 
nium, heat-resisting alloys and alloy 
steel. He is chairman of the ASM 
Committee on Aluminum which con- 
tributed a report on applications to 
this issue. 

]. B. was a member of the Metals 
Handbook Committee from 1944 to 
1951, and chairman from 1948 to 
1951. A member of the Society since 
1927, he has served a term as Na- 
tional Trustee. 

J. B. was born in Olean, N.Y., and 
graduated from Cornell in mechan- 
ical engineering. He worked for a 
railroad for a year or two before 
joining the Aviation Section of the 
Signal Corps in 1916. 


George L. Kehl 


Georce Ken, associate professor 
of metallurgy at Columbia Univer- 
sity, is chairman of the ASM Com- 
mittee on Metallography. 
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i XPERIENCE from the very begin- 
ning of induction heating and melting is at 
your disposal when you call on Ajax. 

It is leadership which began 38 
years ago with the company’s intro- 
duction of the first high frequency furnace 


for industrial use. Since then: 


@ Melting... forging... 
surface hardening (exploited under Ajax 


license) . . . vacuum melting . . . making, 
sintering and hot pressing carbides . . . 
graphitizing . . . and countless other low, 
dual and high frequency applications . 


all were Ajax firsts. 


@ Practically every new alloy has been 
developed in an AJAX-NORTHRUP furnace. 


@ Scores of large industries have grown 
around the nucleus of a simple 
AJAX-NORTHRUP laboratory installation. 


@ More kilowatts of AJAX-NORTHRUP 
induction equipment, both converter and 
motor-generator types, are in use throughout 
the world than any other. 

Ajax engineers can show 
you how this experience, which has 
maintained leadership over the years, 
can bring you important day-to-day 
benefits . . . in even your toughest 
heating or melting application. 


Telephone or write today. 


ORTHRUP 
v 


SINCE 1916 


INDUCTION HEATING-MELTING 


AJAX ELECTROTHERMIC CORPORATION® TRENTON 5, NEW JERSEY 


ASSOCIATED COMPANIES: AJAX ELECTRIC FURNACE CORPORATION © AJAX ELECTRIC COMPANY « AJAX ENGINEERING CORPORATION 
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Now! 
Bar 


2-ROLL ROTARY STRAIGHTENER 
SIZER & POLISHER 


Input end of No. 3 
size 2-Roll Rotary 
showing automatic 
setup 


® Full automatic adjustment of straight roll 
®@ Full automatic adjustment of concave roll 


@ Full automatic adjustment of bending pressure and roll opening 
for bar sizes 


@ New style large numbered scales for roll angles plus new scale 
for bar size 


®@ Precision straightens, sizes and polishes, and corrects out-of- 
roundness, from end to end, on any round ferrous or non-ferrous 
workpiece, solid or tubular 


@ Puts a super finish (10 micro-inch or better) on cold-drawn, 
turned and ground stock 


@ Removes mill scale from hot-rolled surfaces 


@ Improves the physical properties of the workpiece 


® End-to-end feeding, with 2-direction operation, gives continuous 
uninterrupted sizing and polishing at high throughput speeds 


Write For Complete of 
THE MEDART COMPANY fous 
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A graduate of the University of 
Wisconsin in chemical engineering, 
Kehl received his M.S. in metallurgy 
at Lehigh and was assistant profes- 
sor of metallurgy there for two years 
before joining U.S. Steel as a re- 
search metallurgist in 1939. In 1942, 
he became a member of the faculty 
of Columbia; this affiliation has con- 
tinued except for a three-year leave 
of absence during which he was 
group leader of the metallography 
and heat treating divisions of the Los 
Alamos atomic bomb project. At 
present, Kehl is a consultant to Ar- 
gonne National Laboratory and di- 
rector of three Government research 
projects at Columbia. 

Kehl’s book, “Principles of Metal- 
lographic Laboratory Practice”, now 
in its third edition, is one of the best 
known metallurgical textbooks. He 
has been a member of ASM since 
1941, and is currently chairman of 
the educational committee of the 


New York Chapter. 


Jack E. LaBelle 


Jack chief metallurgist 
of the Detroit Diesel Engine Div. of 
General Motors, has devoted most 
of his professional career to the 
phase of engineering dealing with 
selection and processing of metals 
for automotive engines. He is chair- 
man of the ASM Committee on Shot 
Peening which wrote on that process 
and other methods of surface work- 
ing in this issue. 

LaBelle is a native of Michigan 
and attended public schools in Flint. 
He received his B.S. degree in chem- 
ical engineering from Michigan State 
in 1937. 

LaBelle joined Detroit Diesel in 
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Scovill offers you excep- 
tional Technical, Production 


e 
BRASS Pro 
ond Service facilities to 
BRONZE meet your needs for a com- 


prehensive range of com- 


NICK EL SILVER mercial alloys, shapes, tem- 
PHOSPHOR BRONZE pers and sizes. 


STRIP .»o SHEET e ROD e WIRE 


BRASS BRONZE COPPER and COPPER-NICKEL FUBE 


CONTINUOUS-CAST SPECIALTIES 


Brass Strip and Sheet (Copper-Zinc Series) 

High Speed Brass Rod (Free-Cutting) 

Extruded Cold-Heading Wire (Cartridge Brass, 70%) 
Standard Forging Brass 

Phosphorized Admiralty Heat Exchanger Tube 


ALUMINUM SHEET 


A trial run will show to what an important degree Scovill TRUSPEC Aluminum 
Sheet will aid in making it possible to minimize “orange peel’ effect ond 
“earing’™. Extra long coils also help in reducing machine down-time. 

We invite you to contact your nearest Scovill branch office for a copy of our 
TRUSPEC Aluminum Sheet brochure giving complete details . . . including 
technical data and specifications of available alloys. 


SCOVILL MANUFACTURING COMPANY 


MILL PRODUCTS DIVISION 
99 MILL STREET, WATERBURY 20, CONNECTICUT 


Contact your nearest office 


BOSTON AREA CLEVELAND 2, Ohio NEW YORK 17, New York ROCHESTER 6, New York 
1116 Greot Plain Avenve 6516 Detroit Avenue Chrysier Building East 175 Dodge Street 
Needhom 92, Moss DETROIT 7, Michigan 161 East 42nd Street 7, 
CHICAGO 51, Illinois PHILADELPHIA 22, Pennsylvonio SAN FRANCISCO 7, California 
4105 West Chicago Avenve 1419 North Brood Street 434 Bronnan Street 
CINCINNATI 2, Ohio LOS ANGELES 23, California PROVIDENCE 3, Rhode Isiond STURGIS, Michigen 
49 Central Avenue 2627 South Soto Street 183 Public Street Congress Street 
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From Jarrell-Ash, leader in the development 
of better analytical instruments, comes the 
most significant development in years — 
the JAco 3.4 Meter Stigmatic Plane Grating 
Spectrograph. An exclusive design, this new 
spectrograph is a compact, stigmatic instru- 
ment specifically developed to produce ultra- 
high dispersion and resolution while cover- 
ing 2000A to 6500A at a single setting. 
Theoretical resolving power of this outst 


STIGMATIC PLANE GRATING SPECTROGRAPH 


A new concept in spectrograph design 

offering outstanding advantages for high 
. isotope analysis... 
low concentration problems . . . study of 


ing spectrograph ranges from 75,000 in the 
first order to 600,000 in the eighth order. 
Resolution is guaranteed to be 100,000 at 
3000A while the practical speed equals the 
famous JAco Wadsworth Grating 
Spectrograph. 


Normally the JAco Plane Grating Spectro- 
ae is supplied with an original 15,000 
ine/inch grating. But for special applica- 
tions 7500 line/inch or 30,000 line/inch 
gratings are available — or all three may be 
supplied on a Kelvin type mount or on an 
interchanger nosepiece. 


The JAco Plane Grating Spectrograph has 
plate racking and wavelength adjustments 
which are pushbutton controlled, Controls 
are conveniently aaa to simplify and 
speed up your wor a better instrument 
in performance . .. and ease of operation. 


For complete information on the ways this 
significant new instrument can help you, 
write for illustrated catalog EB10-53 today. 


JARRELL-ASH COMPANY 


FARWELL NEW mays 
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ARRANGEMENT OF SIMPLIFIED 
OPTICAL DESIGN 


In the JAco Plane Grating Spectrograph the 
light from the slit (A) passes under the plone 
grating {B) te a large mirror (C) which renders 
it parallel and reflects it back to the grating. 
The light returned by the grating consists of 
parallel bundles of rays for each wavelength, 
the seperate bundles at diverging angles in 
accordance with the dispersion of the grating. 
These rays strike the upper part of the concave 
mirror, which now acts as @ camera mirror fo 
focus the rays on the plateholder, bock above 
the slit. 
With this simple optical 
wavelength range is easily changed by rotat- 
ing the grating — angles as high os 45° te 
which produce first order spectra up to 
25,000 te 30,000, @re practical. 


SALES OFFICES 
DETROIT 
13680 Capitol Ave. 


EL CERRITO, CAL 
1344 Devenshire Drive 


CHATTANOOGA 
1431 Broad. Street - 
QUEENS VILL, N. Y, 
60-56 230th Street 


1937 as a chemist. He changed to 
metallurgy in 1938, and in 1941 be- 
came assistant chief metallurgist of 
the Division. During the war, he 
served as an officer in the U.S. Army 
in the European theater of opera- 
tions. Following his release from the 
Army, he was promoted to chief 
metallurgist in 1951. 

LaBelle has been a member of 
ASM since 1938 and has been active 
on several committees of the Detroit 
Chapter. 


Robert Howland Leach 


Rosert H. Leacu has been the 
chairman of each Metals Handbook 
Brazing Committee since this subject 
first appeared in 1936. He was born 
in Brockton, Mass., in 1878, which 
makes him ASM’s senior chairman. 

After graduating from M.LT. in 
1900, he became superintendent of 
a silver-lead mine in Idaho and, 
later, of a gold chlorination mill in 
South Dakota, followed by similar 
positions in Michigan. He was man- 
ager of the Britannia Mining Co. in 
1909, becoming its vice president 
and managing director in 1910, 

He joined Handy and Harman 
in 1914, where he has been suc- 
cessively superintendent, assistant 
manager, manager, vice president of 
production and research, vice chair- 
man of the executive committee and, 
since 1952, director and technical 
consultant. 

His special interests have been 
(and still are) the melting and 
processing of precious metals and 
development of new precious-metal 
alloys for many industrial applica- 
tions. 

R. H. Leach has been a member 


tomorrow’s spectrograph here TODAY! 
a = 
\ 
c 
= 
TE? 
* 
: 
Spectregraphic Leberotory Accessories 
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if your problem is pressing 


Check with us for immediate 
recommendations from your 
samples or specifications... 


Brass 
SHEET, STRIP + FORMED, FABRICATED 


THE ZLUME & MTWOOD mec. co. 


Main Office and Fabricating Div.: 480 Bank St., Waterbury, Conn. 
Mill Div.: Thomaston, Conn. N. Y. Office: 220 Broadway 
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ace load of parts process- ® ee 
ing in work chamber. Box 
B—fully loaded, pre-heats 

in the upper vestibule. Box 
C—fully-loaded, waits on 
conveyor. 


Box A completely proc- 
essed, moves out to eleva- 


ator and is lowered into 
quench; bringing 
heated Box B to loading @e™ 


level. Box B is pushed into 
heat chamber and door is 


After proper interval, 
outer door is opened. Box 
Cis placed on upper eleva- 
tor and raised to pre-heat 
position as Box A is lifted 
from quench and removed 
from lower elevator. 


Sealed Cycles double door seal 
affords complete flexibility of 
processing without exposing heat 
chamber to air contamination. 


12045 Woodbine Ave., Detroit 28, Mich. 
Phone: KEnwood 2-9100 
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Upper vestibule is easily adapted for stow 
cooling. Quench is adaptible for inter- 
rupted quenching. 


WITH 
MECHANIZED, BATCH- 
TYPE, CONTROLLED 

MOSPHERE FURNACES 


of ASM since 1934 and also holds 
membership in ACS, AIME, ASTM, 
AWS and the British 
Metals. 


Institute of 


George V. Luerssen 


Gronce Luerssen, vice president 
in charge of metallurgy for The Car- 
penter Steel Co., has been chairman 
of the ASM Committee on Steel 
Melting since 1933. For the 1939 
Handbook, he was also chairman of 
the Tool Steel Committee and from 
1943 to 1947 was chairman of the 
Metals Handbook Committee which 
directed preparation of the 1948 
edition of the Handbook. 

George Luerssen grew up in 
Reading, Pa., and went to work for 
The Carpenter Steel Co. there in 
1907. Except for two worthy leaves 
of absence—1911 to 1915 to gain a 
B.S. at Penn State and 1917 to 1919 
for military service—he has remained 
at Carpenter ever since, advancing 
steadily to his present position. 

Luerssen joined the ASM in 1923, 
was chairman of the Lehigh Valley 
Chapter in 1930, and was the first 
recipient of the McFarland Award 
of the Penn State Chapter. 


Don M. McCutcheon 


Don McCutcHeon enjoys many 
distinctions; perhaps the most fasci- 
nating is that of managing an en- 
gineering consulting practice on the 
salubrious shores of Tampa Bay in 
Florida. 

McCutcheon, for seventeen years 


a member of the engineering and 
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@ For Polishing and Buffing, 
De-burring, Wire Brushing 
and Micro-finishing 


@ Rotary Automatics 
Straightline Audlomatics 
Semi-Autlomatics 


@ Backed by half a century 


of specialized experience 
and progressive development 


@ Proved performance and 
dependability in industry 


requirements. On 
data we will offer 


quotations. 


Oy} Ac ME Manufacturing Lo. 
1400 €. 3 MILE RD., DETROIT 20 (Ferndole) MICH. 


OF AUTOMATIC POPISHING AND BUFFING MACHINES FOR NEARLY HALF CENTURY 


CATALOGS ON REQUEST 
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WHICH WAY? 


Have you a heat treating problem? A 
critical forging operation? If you do, you 
want to know which is the best heat 
process .. . the best furnace to meet 
your needs. 


There isa GASMACO furnace and process 
that will meet your requirements exactly. 


For over fifty years The Gas Machinery 
Company has devoted its engineering and 
design skill to the building of industrial 
furnaces and gas generation equipment. 
Gasmaco fuel fired furnaces will help you 
solve your problems. They are built for 
many forging and heat treating processes: 
direct, radiant tube, and convection heat- 
ing ... rotary or straight through designs 
... high temperature roller hearth . . . 
= cooling tables and conveyors, charging 


Gasmaco equipment and manipulators. 
Car Type Furnaces 


Gasmaco 
Box Furnaces 


SINCE 1902 


A 


Gasmaco 
Roller Hearth Furnaces 
SALES REPRESENTATIVES 


NOBLE EQUIPMENT CO. 
P.O. Box 39 
LaGrange, Ohio 


ALLS W ORTH-STRIEBEL CORP. 
3 West Jackson 
Chicago 4, Illinois 


McCONNELL SALES & 
ENGR. CORP. 
2809 Central Avenve 
Birmingham 9, Alaboma 


CHRISTY FIREBRICK CO. 
506 Olive Street 
St. Louis 1, Missouri 


THE GAS MACHINERY COMPANY 


16106 WATERLOO ROAD 
«CLEVELAND 10, OHIO 


DAVID S. REYNOLDS 
34 Alderwood Road 
Boston (Newton Centre 59) Mass. 
Designers « Fabricators « Erectors 
Gas Plant Equipment and 
industrial Furnaces 


THE GAS MACHINERY CO. (Canada), itd. 


HAMILTON, ONTARIO 
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D. M. McCutcheon 


scientific staff of the Ford Motor Co. 
in Detroit, has been a consultant in 
engineering physics at 
Beach, Florida, since 1952. 
A native Detroiter, McCutcheon 
received his technical education at 
the University of Michigan—B.S. in 
chemical engineering (1931) and 
M.S. in metallurgical engineering 
(1932). He has been active in ASM 
since 1930, was chairman of the De- 
troit Chapter in 1950, and is chair- 
man of the Committee on Non- 
destructive Inspection which con- 
tributed to this issue. 

McCutcheon was president of the 
Society for Nondestructive Testing 
in 1948. He has served as chairman 
of several SAE and ASTM commit- 
tees and of the Detroit Council of 
the ASTM. 


Madeira 


Braly S. Myers 


Braty Myers, chairman of the 
ASM Committee on Metal Cleaning, 
is a native of Tennessee, studied 
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HANDBOOK OF PROGRESS 
$0990 99000 oon Northern Ohio's most modern 


Lakesid scientific steel treating services 


How can one source—more completely and more economically— 
serve all of your steel treating needs? It's as simple as saying 
"Lakeside"... one word, one source, one plant (the most modern 


of its kind in the area)... for the complete range of scientific 
Flame Hardening, Heat Treating, Bar Stock : : , 
Treating and Straightening (mill lengths and steel improvement services. We ask only that you judge for 
sizes), Annealing, Stress Relieving, yourself. We have prepared a new Pictorial Brochure showing 
Normalizing, Pack, Gas or Liquid Carburizing, 
Nitriding, Speed Nitriding, Aerocasing, 
Chapmonizing, Cyoniding, Sand Blasting. It's the kind of handbook you'll want to make an important 


a ee ae part of your source file. Send for your copy today! 


the "Lakeside treatment” just as it is given your steel. 


5418 LAKESIDE AVE, CLEVELAND 14, OHIO HENDERSON 1-9100 
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metallurgy at Vanderbilt (B.S., 
1933), and chemistry at Peabody 
College (M.S., 1934). In 1936 he 
became head of the Department of 
Chemistry at Northwest College, 
Senatobia, Miss. 


From 1944 to 1947 he was assistant 
chief metallurgist of the Aircraft 
Parts Div. of Reynolds. 

Myers joined International Har- 
vester, in Chicago, in 1947, and has 
had a variety of metallurgical and 


Myers joined Vultee Aircraft as a chemical research projects under his 
process engineer in 1940. From 1941 _— supervision, such as tool steel re- 
to 1943, he was in charge of the search and the substitution of molyb- 
technical laboratories of the Nash- denum for tungsten tool steel. 
ville Div. of Consolidated Vultee. Currently, he is in charge of the 
During 1943, he became chief metal- electroplating, surface preparation 
lurgist of one of the plants of the — and inorganic chemical laboratories 
Reynolds Metals Co., in Louisville. of the metallurgical research section. 


Many design problems 
today have an answer in this 
quarter century of - 


STANDARD ALLOY—ABILITY.. 


Have you given more than passive thought 

to STANDARD ALLOY Cast-ability in parts 
design, today? You can get more genuine 
quality in STANDARD ALLOY parts, per pound, 
per dollar, plus heat and corrosion resistance and 
long service. Our engineers will be glad to 
cooperate with you. 

Write for literature . . . state your application 

for specific details, please. No obligation. 


COMPANY, INCORPORATED 
1679 COLLAMER ROAD, CLEVELAND, OHIO 


MILWAUKEE 
1414 27th 
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Myers has been a member of ASM 
since 1943 and has been chairman 
of three committees of the Chicago 
Chapter. 


Raymond C. W. Peterson 


Ray Peterson was born in De- 
Kalb, the “corn town” of Illinois, but 
this has not adversely affected his 
formidable humor, which can settle 
a point of discussion with finality. 

Ray Peterson is president and 
chief engineer of Peterson Engineer- 
ing Co., of Toledo, and is chairman 
of the ASM Committee on Forming 
of Sheet Steel. He learned the die 
maker's trade at the City Machine 
and Tool Co., Toledo, starting there 
in 1930. In 1935, he moved into the 
design department at City Machine. 
He continued with them in the de- 
sign of dies, fixtures and special ma- 
chines after graduation from the 
University of Toledo with his me- 
chanical engineering degree in 1937. 
In 1942, he started his own com- 
pany. 

Peterson has taught courses in 
mechanics, mechanism and advanced 
die design at the University of To- 
ledo. As an ASMer in the Toledo 
Chapier, he has been on the educa- 
tional committee, and chairman of 
the stamping session in the 1954 
educational series. 

He was one of 15 members of the 
Pressed Metals Institute-ECA team 
which studied the productivity of 
stamping plants in Great Britain in 
1951. 

Ray Peterson is widely known for 
his ASTE activities. Chairman of 
their National Standards Committee 
in 1952, he served as secretary of 
ASTE in 1954, and is now treasurer. 
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SAVE witn You 


out of solid metal. That’s the expensive way. 


Cure... these intricate parts can be machined 


But... these FINISHED MACHINE PARTS are 
being made by OILITE at a Fraction of the Cost. 


Oilite Finished Machine Parts serve the same 
purpose as conventional “machined” parts. 
Their performance is just as good, often 
better, because they can be self-lubricating 
and made to closer precision tolerances. 


Recent achievements by Oilite Research 
have materially broadened the scope and 
application of Oilite — Products of Metal 


Powders. 


AMPLEX 
DIVISION OF CHRYSLER CORPORATION 
Detroit 31, Michigan, Dept. H. 


FIELD ENGINEERS, DEPOTS AND DEALERS 
THROUGHOUT UNITED STATES AND CANADA — 


BEARINGS, FINISHED MACHINE PARTS, CORED An 
SOLID BARS, PERMANENT FILTERS AND SPECIAL UNITS 
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He is a_ registered professional 
engineer, a member of NSPE, SAE 
and ASME. 


R. E. Peterson 


R. E. Pererson is chairman of the 
ASM Committee on Stress Concen- 
tration. He has been manager of the 
Mechanics Dept. of Westinghouse 
Research Laboratories since 1931. 

A native of Illinois, he took his 
B.S. in mechanical engineering at 


the University of Illinois in 1925 and 
an M.S. in theoretical and applied 
mechanics before joining Westing- 
house in 1926. 

He is the author of “Stress Con- 
centration Design Factors”, and is 
on the faculty of the Pitt-Westing- 
house graduate program. 

R. E. Peterson is a past president 
of the Society for Experimental 
Stress Analysis. In ASTM he is chair- 
man of Committee E-9 on Fatigue 
and vice chairman of the Simulated 
Service Testing Committee. He is a 
fellow of ASME, chairman of the 
advisory board of Applied Mechanics 
Reviews, and a past chairman of the 
ASME Applied Mechanics Div. He 
also serves as chairman of ASA Com- 
mittee Z10.3 on Mechanics Symbols. 


William A. Reich 


Reicu, chairman of the 
ASM Committee on Powder Metal- 
lurgy, is manager of advance de- 
velopment engineering, Carboloy 
Dept., General Electric Co, 


William A. Reich 


A native of Pittsburgh, Reich 
graduated from Carnegie Tech in 
1938 with a B.S. in metallurgical 
engineering. He joined the Research 
Laboratory of G. E. in 1938. A year 
later, he transferred to the Schenec- 
tady Works Laboratory and was 
head of its metallurgical section from 
1945 to 1953. He taught defense 
courses in metallurgy at Rensellaer 
Polytech and Union College from 
1939 to 1944. 


Made from seamless steel, alloy and 
stainless tubing and pipe by forming 
special ends or producing closures. Up 
to 16” in diameter —up to 21 ft. long. 
Any practical wall thickness. 

To comply with 1.C.C. and A.S.M.E. 
specifications. 


PRESSURE CONTAINERS 


Hydraulic accumulator stored energy 
containers. 


Containers to handle, store and trans- 
port gases and liquids under pres- 
sure up to 12,000 Ibs. 


Write for Brochure MP-1 


ARISON COMPANY. 
ELGIN, ILL. Phone: Elgin 2500 — 
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Bill Reich has been an ASM mem- 
ber since 1936 and was chairman of 
the Eastern New York Chapter. 


Ralph G. Thompson 


THompson, chairman of 
the ASM Committee on Copper, is 
engineering manager, materials and 
process laboratory, major appliance 
laboratories, General Electric Co. 

Thompson is a graduate of lowa 
State Teachers’ College and_ re- 
ceived his M.S. degree from the 
University of lowa in 1929. He has 
been employed by General Electric 
during all ef his active business 
career. He was located in the 
Schenectady Works Laboratory from 
1929 to 1951, in Louisville since 
then. Prior to 1949, his chief re- 
sponsibility was in nonferrous metal- 
lurgy; since 1949, his duties have 
been primarily administrative. 

An ASM member since 1944, he 
is currently a member of the execu- 
tive committee of the Louisville 
Chapter. He has been on ASTM 
Committees B-5, B-6 and B-7. 


The Notched 
Slow-Bend Test* 


NLY by careful study can the or- 

dinary fractologist derive any 
meat from this somewhat unortho- 
dox though fairly interesting fare on 
fracture. The difficulties stem both 
from differences in point of view and 
from what are apparently language 
barriers; to wit, the caption for Fig. 
5—“Chance to fibrous fracture p up 
to beyond neutral axis . . .”. This 
latter is also found in references to 
a “wavelength” of fracture when 
speaking of fluctuations in ductile- 
brittle behavior along a bar; to “cen- 
ter of gravity” for centers of statis- 
tical plots; to “examinations” of in- 
creasing severity when speaking of 
something quite different from the 
ordinary meaning of this word; and 
to an ambiguous “natural fibrous 
crack” as opposed to a notch. 


*Digest of “Brittle Fracture—the 
Notched Slow-Bend Test as a Crite- 
rion”, by J. E. de Graaf and J. H. 
van der Veen, /ron and Steel, Vol. 
27, Dee. 11, 1953, p. 590-594. 


From more technical considera- 
tions, the article is difficult to assess 
in absence of a precise description of 
the notch angle, width, or shape, 
though mention, without reference, 
is made to an earlier paper which ap- 
parently carries the test details. Next, 
the data are largely given in relation 
to the “neutral axis” of the original 
stress system, without commenting 
upon the fact that this shifts immedi- 
ately upon loading in a bend test 
such as that upon which the present 
investigation depends. 

Finally, certain minor misunder- 
standings appear in such statements 
as this, that the energy absorbed by 
crystalline fracture is “. . . obviously 
only caused by the... part. . . hav- 
ing shear-fractured edges . . .” It 
should be noted that there is an 
important cohesion even across those 
crystallographic planes which sepa- 
rate by cleavage, of course. 

Aside from this lack of mesh with 
current fractology, the authors pre- 
sent interesting data for 1-in. steel 
bars using a notched slow-bend test 
and a pressed notch of standard 
3-mm. depth, otherwise varied from 
1 to 8 mm. Inspection of the frac- 


TUBING SPECIALTIES 


SPECIAL SHAPES ON ENDS OF STEEL TUBING 


Marison will spin ends on tubing %4” to 
16” in diameter and up to 21 ft. long. 


Marison will produce closures or special 
shapes on seamless or welded steel tubing. 


Send sample or sketch of your item. 


Refillable pressure and non-pressure 
containers for fire extinguishers, liquids 
or gases under pressure, etc. 


Write for Brochure MP-1 


ARISON COMPANY, 
ELGIN, ILL. Phone: Elgin 2500 
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tured surfaces is made from the 
standpoint of relating the ductile- 
brittle transition front to the tip of 
the notch and to the original neutral 
axis. Much emphasis is placed upon 
this neutral axis; and, although that 
position is very likely significant for 
more than one reason, the present 
reviewer feels that the lack of at- 
tention to other factors affecting the 
fracture behavior within the body of 
the specimen renders a fair propor- 
tion of the argument unconvincing. 


A maximum tendency for brittle 
fracture is found in the compression 
zone, with a minimum at the original 
neutral axis. 

The authors then compare results 
of Charpy V-notch tests, using sta- 
tistical analysis to find a “reliability 
interval” which might aid commer- 
cial inspection procedures. A range 
of +16° C. was found for p=0.95, 
this being twice as great as the range 
for the bend-test data. The authors 
point out that any mechanical test, 


an easy way to handle your heat treating 


CALL 


LINDBERG 


STEEL TREATING CO. 
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Yes, the easiest, fastest and best way to 
handle your heat treating is to let Lind- 
berg Steel Treating take over. Lindberg 
care-free service relieves you of all wor- 
ries . . from the time the job is picked 
up at your plant, through careful heat 
treating, until its return safe and sound. 


Which of these heat treating 

services do you require? 

(0 production heat treating, 
annealing and normalizing 

(retort and pack carburizing 

atmosphere hardening 

bright annealing and tempering 

(_] hydrogen treating 

carbonitriding 


nitriding 


Malcomizing (nitriding of 


pa Stainless steel) 


Chapmanizing 
(J Gleason press quenching 


Lindberg Steel Treating metallurgists are available to discuss your 
heat treating needs. Just pick up your phone. 


LINDBERG STEEL TREATING CO. 


1969 North Ruby Street, Melrose Park (Chicago), Illinois 


such as the impact test, which re- 
ports total energy to fracture largely 
masks the energy of fracture propa- 
gation by the energy required to 
initiate fracture. They do not be- 
lieve that these two categories of 
energy are simply related; therefore 
a study of fracture appearance is 
likely to afford a more accurate 
measurement of transition tempera- 
ture than the usual mechanical 
studies. They conclude by recom- 
mending the notch-bend test, a rat- 
ing of transition temperature by vis- 
ual inspection of the macrofractog- 
raphy, and particularly the use of 
what they call “mm. fibrous” as a 
measure of the depth of penetration 
of the preliminary ductile separation 
when fracture occurs within the 
transition range. 

A. ZAPFFE 


Stress-Corrosion 
Resisted by Additions 
of Ti and Ta-Cb* 


TRESS-CORROSION cracking of steel 

is often called “caustic embrittle- 
ment” because it is frequently caused 
by strongly alkaline solutions, but the 
term is considered incorrect by these 
authors since the action is merely 
crack formation without any em- 
brittlement of the metal between 
the cracks. Three conditions must 
exist to cause this failure, namely: 
(a) contact with a medium which pro- 
duces no general corrosion but only 
a selective attack, (b) tensile stress of 
sufficient magnitude, and (c) a sus- 
ceptible steel. 

Sodium hydroxide solutions most 
commonly produce this kind of fail- 
ure, although alkali nitrates are also 
responsible. The temperature must 
generally be above 120° F. for solu- 
tions of 50% strength, but weaker 
solutions can cause cracking at higher 
temperature. Effective stresses range 
upward from about half the yield 
strength, with the rate of failure ris- 
ing rapidly as the yield strength is 
exceeded. Common steels vary great- 
ly in susceptibility to stress-corrosion 
(Continued on p. A-144) 


*Digest of ‘‘Stress-Corrosion 
Cracking of Nonalloyed and Low 
Alloyed Steels and Its Avoidance by 
Additions of Titanium or Tantalum- 
Columbium”; by E. Baerlecken and 
W. Hirsch, Stahl and Eisen, Vol. 73, 
June 1953, p. 785 to 789. 
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THE WORLD'S MOST COMPLETE SELECTION 


The advantages of 


switch blade 


good conductivity 

e The electrical and thermal 
conductivity of Berylco 
beryllium copper alloys is 
22 to 55% that of copper, 
depending upon the alloy 
and the heat treatment 
applied. Conductivity 
increases greatly with heat 
treatment, making Berylco 
alloys valuable for many 
current-carrying parts. 


Berylico beryllium copper 


contact spring 


high fatigue strength 
e Berylco beryllium copper 
alloys present unusual resis- 
tance to fatigue, even under 
repeated cycling. 


propeller bolts 


high strength 

e The strength of Berylco 
beryllium copper alloys is 
doubled by a simple low- 
temperature heat treatment 
—an important feature in 
the fabricating of many 
parts. Berylco’s high strength 
makes possible considerable 
size reduction—a desirable 
factor in miniaturization. 


flat and bevel gibs 


exceptional wear 
resistance 

e With or without lubri- 
cation, Berylco beryllium 
copper displays great resis- 
tance to wear against many 
materials, including steel. 
Wearing qualities are best 
determined by actual test 
in the application. 


spline shaft 


Berylidur is a new lower con- 
tent beryllium copper alloy 
recommended for applications 
which do not require the peak 
properties of standard Berylco 
alloys, but for which bronzes 
are inadequate. 


good corrosion 
resistance 

e Like other high-copper 
alloys, Berylco beryllium 
copper offers excellent resis- 
tance to corrosion and is 
ideal for use in marine and 
industrial atmospheres. 
And, of all copper-base 
alloys, Berylco offers the 
most in strength, hardness 
and formability. 


bearings cage 


Available Beryico beryllium copper wrought alloys 


Berylico 25 is the standard 
beryllium copper alloy that 
combines good electrical con- 
ductivity with the highest strength 
and hardness of any copper 
alloy. It has great resistance to 
corrosion, fatigue and wear. 


Berylico 165 is a modification 
of the standard alloy. In its 
mill-hardened form it is stronger 
and harder than ordinary 
bronzes and also has good 
formability. 


great hardness 

e Berylco beryllium copper 
can be hardened to Rock- 
well C38-C42, and with 
tensile strength from 175,000 
to 210,000 psi, depending 
on the alloy selected and 
the condition. It has the 
greatest hardness of all 
copper-base alloys. 


Berylco 10 is a_ high-con- 
ductivity alloy that is used when- 
ever high electrical and thermal 
conductivity are more important 
than maximum strength and 
hardness. 


Berylco strip and rod are carried in stock, ready for immediate delivery, by the following warehouse distributors 


EASTERN METAL MILL PRODUCTS CO. 


21 Vale Street, Boston 19, Mass. 
12 Hilton St., Providence, R.I. 


NEW YORK BRASS & COPPER CO., INC. 


WILLIAMS AND COMPANY, INC. 
901-37 Penna. Ave., Pittsburgh 33, Pa. 


3700 Perkins Ave., Cleveland 14, Ohio 


851 Williams Ave., Columbus 8, Ohio 
3231 Fredonia Ave., Cincinnati 29, Ohio 


J. M. TULL METAL & SUPPLY COMPANY, INC, 
285 Marietta Street, N.W., Atlanta, Georgia 


THE E. JORDAN BROOKES CO., INC. 


376 Lafayette St., New York 3, N.Y. 1109 S. Preston St., Lovisville 3, Ky. 7 Front St., San Francisco 11, Calif. 


410 MacDade Bivd., Collingdale, Penna. 2971 Bellevue Ave., Detroit 7, Mich. 


BRASS & COPPER SUPPLY co. INC. GUARDIAN METAL SALES, INC. PECKOVER'S LTD. 
501 West 23rd St., Baltimore 11, Md. 1911-15 N. Clybourn Ave., Chicago 14, Ill. 115 McCormack St., Toronto 9, Ont., Canada 
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BERYLLIUM PRODUCTS 


nonmagnetic 
properties 

e The nonmagnetic proper- 
ties of Berylco beryllium 
copper alloys make them 
ideal for many aircraft, 
navigational, solenoid, 
machine tool applications, 


diaphragms 


extreme resistance 

to anelastic behavior 
e Berylco beryllium copper 
offers high resistance to 
hysteresis, damping, set and 
drift—sets new standards of 
performance for spring 
applications. 


de-icing stud 


Berlyco 50 is a high-conduc- 
tivity alloy specially designed 
asa resistance welding material. 
its conductivity and hardness 
make it ideal for spot, seam, 
flash and projection welding 
dies and electrodes. 


THE BERYLLIUM 
CORPORATION 


READING, PENNA. 


New York © Springfield, Mass. © Rochester, N.Y. 
Philadelphia Pittsburgh Cleveland Dayton Detroit 
Chicago * Minneapolis * San Francisco * Los Angeles 
Representatives in principal world-trade centers 


wide operating range 
e Compared to other 
copper-base alloys, Berylco 
beryllium copper shows 
remarkable resistance to loss 
of physical properties at 
moderately elevated tem- 
peratures. Many desirable 
properties of beryllium cop- 
per at temperatures down 
to —300° F are not only 
retained but improved. 


Beryico alloys are available 
in the form of strip, rod, bar 
and wire and in convenient 
ingots for centrifugal, sand, 
investment, pressure and per- 
manent mold casting. 


Beryllium Copper 


one of today’s most versatile engineering 
materials. See the columns on the left for advan- 
tages and available forms. 


Beryllium Metal 


available in a technical grade, containing 93 
to 95% pure beryllium, or in a premium grade 
containing 99% plus pure beryllium. The prop- 
erties of beryllium metal are utilized in X-ray 
windows, find further use in nuclear development. 


Beryllium Oxide 


—the resistance to thermal shock offered by this 
material has unsurpassed advantages for many 
refractory, cermet, optical and nuclear appli- 
cations. Available in a powder form. 


Beryllium Nickel 


offers extremely high strength and hardness 
in combination with very high resistance to 
corrosion. It has been used for applications 
differing as widely as a mining drill bit, a high- 
duty watch spring, a jet aircraft impeller. Several 
alloys are available in ingot form, including 
master alloys for re-alloying purposes. 


Beryllium Aluminum 


~—a master alloy available in ingot form. High 
strength aluminum alloys include minor addi- 
tions of beryllium. Beryllium also helps to pro- 
duce a “stainless’’ aluminum, and provides a 
ductile surface when coating steel with aluminum 

guaranteeing that corrosion protection will 
be permanent. 


Beryllium Magnesium Aluminum 


small additions of beryllium prevent the 
tendency which magnesium compounds have to 
separate and oxidize, eliminate burning in the 
foundry, keep die castings molten. This master 
alloy is also available in ingot form. 


USE THE COUPON TO OBTAIN MORE DETAILED LITERATURE 


BERYLCO 


THE BERYLLIUM CORPORATION 


i 


DEPT. 4F, READING 9, PA. 
Gentlemen: i 
Please send me further information on Beryllium Copper i 

alloy; Beryldur; Beryllium Metal; i 

Beryllium Oxide; Beryllium Nickel; Beryllium 

Aluminum; Beryllium Magnesium Aluminum. ; 
Name Title 
Company 
Street 
City Zone___ Stote__ 


JULY 15, 1954; PAGE A-143 


< 
htt 
| 
@ 
(}))))) 


Stress-Corrosion . . . 


(Continued from p. A-140) 
cracking; aluminum-killed steels are 
less susceptible than others, and de- 
carburized or coarse-grained steel 
more susceptible, all other things 
being equal. 

The authors tested various steels 
for susceptibility to stress-corrosion 
cracking by immersing shackle or 
stirrup-shaped specimens in boiling 
calcium-ammonium nitrate solution 
according to Jones's method (Engi- 
neering, Vol. 3, 1921, p. 469 to 470). 
This method apparently was used for 
all the tests reported in the paper, 
although another method of stressing 
rings by driving tapered pins through 
them is also described. 


Of the several means available for 
preventing stress-corrosion cracking, 
as by stress-relief heat treatments, 
stressing the surface in compression, 
or by cathodic protection, the most 
practical way is to use a resistant 
steel. The most resistant steels known 
were the aluminum-killed, until these 
authors tested steels having more 
titanium than is required for deoxi- 
dation and denitrification. 

The titanium steels contained less 
than 0.1% carbon, 0.5% manganese, 
0.3% silicon, and 0.5 to 0.75% titan- 
ium. They were tested in three con- 
ditions of heat treatment. Each result 
reported was based on a series of 8 
or 10 tests. If no cracks occurred in 
the Jones test in 21 days, the steel 
was considered stable. The steels 
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As every welder knows, you can’t use the 
same electrode on every job. For best per- 


formance and longest electrode life, you must 
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This is wh 


Sylvania offers 3 different tungsten electrodes 


to meet the full range of requirements of any inert gas arc 


welding work 
Sylvania . . . a pioneer in tungsten 
Sylvania is a pioneer in the development of tungsten in many 
forms. As a result, our engineers and metallurgists have pro- 
vided the precise type of tungsten rod for every need. 
Sylvania’s research and advanced techniques in manufacture 
and quality control 
minute-saving operation and dollar-saving dependability. 
Fither Sylvama Puretung, Thoriated Tungsten or Zirtung 
Electrodes will answer any inert gas welding problem you 
have. So, order the types you require from your nearest 
Sylvania Welding Distributor today, or write to. Sylvania 
Electric Products Inc., Dept. 
New York 19, N. Y. 


YOU'LL SAVE 

MINUTES AND MONEY 
WITH IMPROVED 

SYLVANIA 


TUNGSTEN ELECTRODES 


Tower Bldg Cather 


.. from ore to finished product . . . assure 


41-77, 1740 Broadway, 


+ TELEVISION 


Street Montel 


with Ti:C ratio below 4 cracked in 
a few days; those with a higher ratio 
were stable for a heat treatment at 
1380° F. After heat treatment at 
2190° F. it required a Ti:C ratio of 
6.7 for stability of air-cooled speci- 
mens, or 8.4 for those that were 
furnace cooled. 

Steels treated with various amounts 
of a tantalum-columbium ferro-alloy 
containing twice as much columbium 
as tantalum, and not with titanium, 
were also tested in the same way. 
The steels with Ta-Cb:C ratio below 
6 cracked in a few days. Some of 
the specimens of this group with 
Ta-Cb:C ratios between 6 and 11.5 
were stable after heat treatment at 
1380° F. only; but all the specimens 
with Ta-Cb:C ratio above 11.5 were 
stable whether heat treated at 1380 
or 2190° F. 

Specimens of steels treated with 
aluminum, titanium, and tantalum- 
columbium were tested in a similar 
manner after heating for 2 hr. at 
2190° F. for grain coarsening, and 
after decarburizing for 10 hr. at 
1830° F. All the aluminum steels 
heated to 2190° F. failed within 6 
days, and only 40% of those heated 
for decarburizing resisted cracking 
for 21 days. None of the titanium 
or tantalum-columbium steels de- 
veloped cracks in 21 days. 

Since the stability of the titanium 
and tantalum-columbium steels was 
not impaired by high temperatures, 
their stability after welding was 
tested. Arc welds were made with 
three kinds of rods: austenitic stain- 
less steel stabilized with tantalum- 
columbium, steel alloyed with 
Ta-Cb only (0.065%C, 2.27% Ta + 
Cb), and a chromium-molybdenum 
steel (0.12%C, 1.32%Cr, 0.46%Mo). 
Each of these rods was used to make 
a series of welds on each of the three 
steels, aluminum-killed, (0.27% C, 
0.08%Al), titanium (0.07%C, 0.58% 
Ti), and tantalum-columbium (0.08% 
C, 0.92% Ta+Cb). The welded 
specimens were tested for resistance 
to stress-corrosion cracking as de- 
scribed above, both in the as-welded 
condition and after they had been 
air cooled from 1380° F. 

None of the six series of welds on 
the aluminum steel was completely 
stable, the best record being 70% 
stable for the as-welded series with 
the 2.27% Ta + Cb rod. A migration 
of carbon was detected from this 
0.27% C steel into the weld deposit 
(Continued on p. A-146) 
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Stress-Corrosion nium and the tantalum-columbium 


steels, whereas the best record with 
the chromium-molybdenum rods on 
(Continued from p. A-144) both steels was 70% stability for the 
at the boundary after heat treatment, series. With the Ta-Cb electrodes 
and since the stress-corrosion cracks — only the heat treated series of welds 
occurred at this boundary in the heat was 100% stable on both steels. None 
treated specimens instead of in the of the stress-corrosion cracks in any 
heat-affected zone as in the as- of these failed welds occurred in the 
welded specimens, the larger per- weld deposits. 
centage of failures in the heat treated Gas welds using a neutral flame 
series was ascribed to the decarbur- were made with the same steels, 
ized boundary. The same result and _ welding rods and heat treatment, and 
structure were observed in welds tested in the same way. Again no 
made with the austenitic rod, but complete series of stable welds was 
not in those made with the chromi- obtained on the aluminum steel, but 
um-molybdenum steel rod. on the titanium steel only the heat 
Weld series showing 100% stability treated series made with the aus- 
for 21 days were obtained with the tenitic rod was 100% stable. The 
austenitic electrodes on both the tita- | poorer showing of this steel in gas 
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COMPOSITION D_ Rust preventative, solvent, de- 
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welding is ascribed to oxidation of 
titanium at the weld boundary, or 
carburizing by the flame. The tanta- 
lum-columbium steel gave approxi- 
mately similar results from the gas 
welds as from the are welds. 

The authors conclude from these 
results that welds that are not sus- 
ceptible to stress-corrosion cracking 
can be made with austenitic welding 
rods on steels in which the carbon is 
adequately stabilized by titanium or 
tantalum and columbium. However, 
since their tests were of only 21 days 
duration, and they used only one 
corroding medium, it would seem 
safer to conclude merely that such 
steels are definitely superior to the 
best previous low-alloy steels in re- 
sistance to this type of failure. 

G. F. Comstock 


Tubing Welded Faster 
With Less Power* 


HIN-WALL steel tubing produced 

by roll forming strip stock and 
resistance welding the seam is widely 
used throughout the metal fabricat- 
ing industry and efforts are con- 
stantly being directed toward lower- 
ing its cost by increasing the speed 
of rolling and welding, improving 
the design of forming rolls and other 
equipment modifications. 

Crux of the problem appears to 
be in the welder, usually comprising 
a rotating transformer, the second- 
ary of which terminates in two 
wheel-shaped electrodes contacting 
the tube. An air gap of from 0.050 
to 0.125 in., varying according to the 
wall thickness of the tubing, sepa- 
rates the electrodes and bisects an 
annular groove, called the electrode 
radius, extending around their cir- 
cumference. A weld support or 
back-up roll positions the tube into 
contact with the rotating electrodes, 
the seam being centered in the air 
gap. Frequency of welding voltage 
is generally 180 cycles per sec. 
(cps.), this being derived from a 
motor-driven alternator. Welding 
current is regulated by varying the 
excitation of the alternator. 


(Continued on p. A-148) 

*Digest of “Studies in Resistance 
Welding Yield Improvements in the 
Manufacture of Thin-Wall Steel 
Tubing”, by Donald P. Worden, 
General Motors Engineering Journal, 
Vol. 1, March-April 1954, p. 14-18. 
Published by General Motors Corp. 
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Welded Tubing . . . 


(Continued from p. A-146) 

Tests have shown that with a 
frequency of 180 cps. and a tube 
wall thickness of 0.026 in., maximum 
speed of travel is about 88 ft. per 
min., power input being 280 w. per 
ft. per min. Increasing the speed 
causes minute cyclic discontinuities 
or voids in the weld, referred to as 
“stitching”. Distance between these 
voids increases with speed, at 100 
ft. per min. being 0.055 in. Higher 
power input has no appreciable 
effect on spacing of the voids. 


By coordinating frequency and 
speed factors, it is found that at 85 
ft. per min. and with 180 cps. cur- 
rent, each point on the seam travels 
0.048 in. in 1/360 sec., or the time 
of a half-cycle, recognizing that pow- 
er varies from zero to twice the effec- 
tive or root mean square value in 
each half-cycle. Since 0.048 in. is 
the unit welding distance, any in- 
crement of the seam is subjected only 
once to all instantaneous welding 
voltages comprising a half-cycle. 

Since a void or nonweld is caused 
by the coincidence of zero current 
and the completion of movement 
through the unit welding distance, 


Close-up showing how arch brick 
were cradled in forms for 500 mile 
move. Below: a rotary on two flat 


The rotary above served Ordnance 
well after its move. Below: loadin 
an annealing furnace on a ieoak 
trailer. 


of 
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JET designs furnaces— 


JET builds the m—and 
JET moves them! 


JET has moved, reinstalled, 
cers. and modernized several very 
large furnaces. In each case 
the saving to the client as 
compared to the price of a 
new furnace was significant. 
Consider all the economic ad- 
vantages of furnace repair 
and modernization without 
capital investment. 


JET will send you a brochure 
showing the many types of Jet 
furnaces. Write for your copy 


"Engineering Is Our Business" 


It's a good bet to see JET 


combustion, ine. 


INDUSTRIAL FURNACES 
7917 South Exchange Avenue 


EQUIPMENT ENGINEERS 
Chicago 17, Illinois 


it becomes necessary to preclude the 
possibility of such coincidence if 
voids are to be eliminated. This can 
be done by using direct current, 
which makes equipment too compli- 
cated and costly, or by increasing the 
current frequency. By the latter 
method, stitching is not encountered 
with a doubled frequency until 
speed has been doubled. 

Selection of a 960-cps. frequency 
seemed to offer the possibility of a 
five-fold increase in speed, so ex- 
periments were conducted with a 
400-v., 25-kva., 120-turn transformer. 
Because of high leakage reactance, 
figured at 58%, the primary voltage 
had to be increased to 700 v. in order 
to make the weld. 

Leakage reactance is described as 
the magnetic flux in any transformer 
which does not link both the primary 
and secondary windings. Its effect is 
to require more primary voltage to 
produce desired secondary voltage. 

The first experimental transformer 
was constructed with mechanical 
parts from an old 180-cps. unit. 
Later another transformer was de- 
signed for lower leakage reactance. 
It was a 50-kva., 85-turn, 400-v. 
unit with calculated leakage re- 
actance of 17%, later checked out by 
short-circuit test at 23%. Special at- 
tention was devoted to the core, 
final choice being 5-mil grain-ori- 
ented steel with a calculated flux 
density of 30 kilo-lines per sq. in 

The new transformer showed no 
weld stitching at tubing speeds of 
400 ft. per min. and power require- 
ment was only 125 w. per ft. per 
min. A reduced bead size was noted, 
some samples being welded without 
any flash removal being necessary as 
in conventional practice. Wall thick- 
ness greater than 0.035 in. presented 
some problems, but increasing the 
electrode air gap helped. 

Studies showed that 14 kw. is re- 
quired to weld at 50 ft. per min., 
while 50 kw. is required at 400 ft. 
per min. This is equivalent to 280 
and 125 w. per ft. per min., respec- 
tively, a decided gain in efficiency 
resulting from the higher speed. 
Power for welding increases about 
one-half as fast as tubing speed. 

The foregoing experimental work 
was the basis for design of a new 
group of welders and thin-wall tube 
mills, now in operation at the 
Rochester Products Div. of General 
Motors Corp. Because the 960-cps. 

(Continued on p. A-150) 


/ 
| i 

{ 

| 
| 

| 
= 

45 


One of these 


Acme Model 


‘ 


Machines 
“will meet your needs EXACTLY! 


ACME MACHINERY DIVISION e 1201 W. 65th St., Cleveland 2, Ohio 


ESTABLISHED 188 


“CME” FORGING © THREADING © TAPPING MACHINES © ALSO MANUFACTURERS OF “MILL” GRINDING AND POLISHING MACHINES 
HYDRAULIC SURFACE GRINDERS * “CANTON” ALLIGATOR SHEARS © PORTABLE FLOOR CRANES © “CLEVELAND” KNIVES © SHEAR BLADES 


JULY 15, 1954; PAGE A-149 


| 
256" ACME XN 
SS; 
4" ROME MODEL XN ACME MODEL XN 
| | a 
i 


Welded Tubing . . . 


(Continued from p. A-148) 
transformer is not so well suited to 
tubing with wall heavier than 0.035 
in., a 420-cps. transformer was de- 
cided upon, permitting processing 
of tubing up to 0.070 in. wall. 

Strip steel stock for welded tub- 
ing has an important bearing on re- 
sultant product quality. A fully 
aluminum-killed steel is the most 


satisfactory. Another factor influenc- 
ing weld quality is edge condition- 
ing of the strip prior to forming. Ex- 
tremely sharp paring-type tools give 
the best tubing, in some instances 
permitting a reduction of welding 
temperatures without adversely af- 
fecting the weld. The explanation 
appears to lie in the pattern of ex- 
posed edge grains. If they are 
smooth and are not deformed, the 
edges are more amenable to welding. 
A. H. ALLEN 
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SPECIALIZED ENGINEERING 
CONSULTATION —without cost or 
obligation. W ell-qualified Yale & 

Towne Engineers are available 

to discuss the advantages and limi- 

tations of Powdermet”® parts—right in 

your own plant. They will show you how 

Powdermet* may cut production costs and 

improve your product. 


LATEST AND COMPLETE PLANT FACILITIES. 
Research and production facilities include 
the most modern equipment, designed 
specifically for powdered metal processes. 
Presses range up to the largest obtainable. 
Sintering furnaces have finest protective 
atmosphere generating equipment. Wide 
variety of equipment for secondary opera- 
tions of all kinds. 


WQUALITY PARTS AT A REAL SAVINGS. 
Powdermet* provides tough, accurate parts 
at savings of 200% and more over identical 
machined parts. Special properties such as 
self-lubrication and superior electrical char- 
acteristics available. Rigid quality control 
assures parts that meet all requirements fully. 


Don't Cut PARTS~ Cyt Cogtg with Powdermet* 


Send today for free, informative booklet giving 
further information on Powdermet* parts. 


@) The world’s most famous key 
> ... symbol of industrial leadership! 


AW YALE & TOWNE 


MANUFACTURING COMPANY 


9333 Belmont Avenve Franklin Pork, Minois 


Causes of 
Filiform Corrosion* 


ILIFORM corrosion is a thread-like 

rusting which occurs on some 
metals under a protective coating. 
These threads are usually in the form 
of a haphazard pattern of shallow 
channels in the metal. The condi- 
tions under which filiform corrosion 
occurs are: (a) an atmosphere of high 
relative humidity capable of pro- 
ducing corrosion on the bare metal; 
(b) a semipermeable coating on the 


_metal having sufficient elasticity to 


yield without rupture when the cor- 
rosion products from filiform attack 
are produced under it; (c) oxidation 
of the metal first to an unstable state 
and then to a stable form. 

Filiform corrosion has been ob- 
served on surfaces of ferrous alloys, 
aluminum and magnesium. In the 
corrosion of iron and steel, the cor- 
rosion product in the active head of 
each thread is blue in color, indicat- 
ing the unstable ferrous state. As 
the thread grows the product 
changes to the stable ferric state 
which is red. Magnesium corrodes 
first to the unstable black amorphous 
hydroxide in the active head and 
leaves a stable white crystalline form 
of corrosion product in the body of 
each thread. Aluminum can form 
oxides in different states and degrees 
of hydration and therefore fulfills 
one of the basic requirements for 
filiform growth. 

Filiform may originate from a 
scratch, edge, speck, piece of dust 
or lint or any imperfection or dis- 
continuity in the protective coating. 
These coatings include such things 
as tin plate, silver plate, gold plate, 
certain phosphates and vehicle types 
such as drying oils, oleo-resinous 
binders, pure and modified phenolic 
varnishes, alkyds, lacquers, vinyl co- 
polymers and amine-modified ether 
resins and ether esters, to mention a 
few. Covers for jelly cans, tools 
coated with an oil film, refrigerator 
doors, coated metal tile and chrom- 
ium-plated automobile hardware are 
some examples where filiform cor- 
rosion has been observed. Industrial 
finishers are especially concerned 
with this type of attack. 

(Continued on p. A-152) 

*Digest of “Filiform Corrosion”, 
by M. Van Loo, D. D. Laiderman 
and R. R. Bruhn, Corrosion, Vol. 9, 
August 1953, p. 277-283. 
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Do You Want In A Merat-Cuttinc Saw, 
—-ECONOMY, SPEED, VERSATILITY, CAPACITY | 


Whatever your individual requirements in metal-cutting Your local MARVEL sawing engineer is com- 
equipment, MARVEL has it. MARVEL builds nine basic petent to study your cut-off and metal sawing 
types of metal sawing machines, each available with a problems, and to make recommendations as to 
choice of modifications and special accessory equipment. the most advanced methods and equipment. 


MARVEL No. 2/Mi 


Capacity: 6 x6 


MARVEL No. 9A 


» Capacity: 10° x 10 
Dependable, low-priced, dry- Automatic high speed, 
cutting, light duty shop saws. heavy duty, cut-off saws 
Available in two capacities, 6” x 6” or handle wide range of 
4°x 4", belt or motor drive, stationary sizes, shapes, hardnes- 
or portable. ses and grades. Also 


with 6°x 6" capacity (No.6A), 
orin single cut types (No.9, No. 6). 


_MARVEL No. 8 


Capacity: 18° x 18" 


MARVEL No. 18 


Capacity: 18° x 18" 


This universal, 
advancing 
vertical blade, 
band sawing 
| machine is the 
most versatile 
saw built. Cuts any 
angle from 0° to 45° right to 0 
to 45° left. Large T-slot bed and 

many other features. 


Universal, 
hydraulic, 
heavy duty 
roll stroke 
hack saw. 
Cuts off 
largest and tough- 
est bars and billets; 
easily, rapidly and accu- 
rately. Trims die faces for resinking,does shank- 
ing of die blocks, etc. Also available in 24” x 24° 
capacity (MARVEL No. 24), 


MARVEL High-Speed-Edge Hack Saw Blades 


Unbreakable, composite saw biades with fastest-cutting, longest-lasting 
high speed stee! edge integrally welded to a tough unbreakable body, permit 
maximum speeds and feeds on any hack sawing machine. Permit tauter tensioning 
—increase accuracy. Outlast all other biades. 


MARVEL High-Speed-Edge Hole Saws have strength not only for portable drills, but for 
use on drill presses, lathes, etc. Sold by leading industrial distributors. 


ARMSTRONG-BLUM MEG. co. $700 W. Bloomingdale fen, CHICAGO 39, U.S.A. 
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Filiforms . . . 


(Continued from p. A-150) 

The definite connection between 
relatively high humidity and filiform 
growth is known from early investi- 
gations. This work shows that cold 
rolled steel panels coated with baked 
enamel and treated to initiate rust- 
ing by breaking the coating and ex- 
posing the sample over an acetic 
acid solution were susceptible to fili- 
form growth only when tested in 


atmospheres of over 65% relative hu- 
midity. The tests were conducted 
over solutions of sulphuric acid or 
sodium hydroxide in which the rela- 
tive humidity was controlled from 
slightly above 5 to 100% at 75° F. 
Corrosion was more pronounced in 
the atmosphere over sulphuric acid, 
but no filiform was observed below 
65% relative humidity with either of 
the solutions. The growth was quite 
active between 80 and 90%, the 
threads became wide above 90% and 
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FAHRI 


to withstand heat 


HEAT AND CORROSION Alloys 


The pictures shown are typical of Ohio Steel's 
ability to supply long-lasting castings for the 
heat-treating industry. 

Sound castings result from: FUNCTIONAL 
DESIGN that can be cast with maximum strength 
... RELIABLE METALLURGY based on comprehen- 
sive experience... CONTROLLED FOUNDRY 
METHODS using the finest equipment and con- 
tinuous inspection. Ohio Steel ranks high in 
these essentials. 


THE OHIO FOUNDRY Co. 


SPRINGFIELD, OHIO 


Plants at Lima and Springfield, Ohio 


blisters appeared at about 95% rela- 
tive humidity. 

It is of interest to note that no 
connection has been found between 
biological activity or the metallog- 
raphy of the metal surface and fili- 
form growth. 

The filiform process involves 
three steps: the initiating mechan- 
ism, the driving mechanism, and the 
directional mechanism. Filiforms are 
initiated by tiny anodes controlled 
by adjacent small cathodes. The 
permeability of the protective film 
controls the rate at which the cor- 
rosive atmosphere reaches the film- 
metal-air junction and thus controls 
the corrosion process within the ac- 
tive head of the filiform. Electro- 
chemical action in the form of an 
oxygen-concentration cell set up by 
the difference in concentration of 
oxygen between the active head and 
the inactive body of the filiform is 
the driving mechanism. The oxygen 
concentration is in turn controlled by 
the corrosion within the active head. 

As the corrosion product from the 
advancing filiform lifts the coating, 
there is a temporary localized low 
concentration of oxygen which sub- 
sequently rises as the permeability 
of oxygen proceeds into the region. 
Oxygen is consumed in the active 
head by depolarization and oxidation 
reactions. The formation of the 
stable corrosion product controls 
radial growth of filiform. Under ideal 
conditions of temperature, humidity, 
film thickness and metal surface, 
filiform will grow in a straight line. 

The directional mechanism is the 
conversion of the corrosion product 
to the stable state which prevents 
radial growth and imparts linearity. 
When filiforms meet they can change 
direction, die out or blend into one 
filiform depending on the angle at 
which one thread strikes another or 
if two active heads meet as in the 
latter condition. 

There is no cure-all for filiform 
corrosion. Inhibitive pigments in 
metal primers permit filiform cor- 
rosion under suitable conditions but 
usually in a retarded form. Filiform 
corrosion will cease if the humidity 
of the atmosphere is controlled to a 
point below which rusting does not 
occur. Avoiding imperfections in the 
coating and the use of coatings with 
sufficient inelastic properties to cause 
rupture by corrosion products re- 
duce filiform corrosion. 

F. H. Beck 
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Meet two of the reasons 


why TIMKEN” forging steels give you 
uniform, high-quality forgings 


HE man on the left helps assure you of uniform com- 

position in every Timken” steel forging bar. With this 
spectrometer, he can tell the exact composition of a melt 
in just 40 seconds. Results are flashed back to the furnace 
so the melter can maintain constant control of the heat 
analysis up to the instant of pouring. 

The photomicrograph at right shows the uniform grain 
size of the Timken forging steels. Uniform grain size after 
heat treatment is assured by spectrometric or microscopic 
examination of every heat. The result—you can be sure that 
forgings made from Timken forging steels have uniformly 
high ductility and resistance to impact. 


YEARS AHEAD—THROUGH EXPERIENCE AND RESEARCH i 


But that’s only part of the story. You can hold rejects to 
a minimum because we condition the steel to fit your par- 
ticular forging requirements. And you save steel because 
the good dimensional tolerances of Timken forging steels 
produce uniform weight multiples with a minimum of 
steel lost in flashings. You even have fewer furnace adjust- 
ments because Timken forging steels respond uniformly 
to heat treatment. 

For help in improving the quality of your forgings and 
cutting production costs, write: The Timken Roller Bear- 
ing Company, Steel and Tube Division, Canton 6, Ohio. 
Cable address: “TIMROSCO”. 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 
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to 
assist 
you... 


Complete FACILITIES FOR 


Analysis and 
Inspection 


Whether you are doing re- 


search and development or in 
actual production, we can assist 
X-RAY & you. 
GAMMA RAY 
. 3 By utilizing INDUSTRIAL 
X-RAY, Inc. and its affiliates os ——— 
MAGNETIC PARTICLE your testing laboratory you can 
substantially reduce time, effort 
A staff of Engineers and tech- 
nicians, using the most modern 
| testing equipment, are on call 
PHYSICAL 6 METALLUR- at any time. Service is fast. . . 
GICAL costs are reasonable. 
oo Write us — or phone or wire 


CHEMICAL & SPECTRO. collect — we'll be pleased to 
— discuss the matter with you. No 
obligation, of course. 


INDUSTRIAL X-RAY, Inc. 
79 HERRICKS ROAD, GARDEN CITY, N. Y. 


Mblated with... 


Able Laboretery, tne. 
and. 
Consolidated Testing tLaberatery, tac. 
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X-Ray Measurements 
of Lattice Distortions 
in Martensite* 


‘THE LARGE change in the lattice 

constants of martensite caused 
by increasing the amount of carbon 
dissolved in it suggested that there 
might be appreciable variation in 
the spacing of the iron atoms. Car- 
bon steels containing less than 0.5% 
carbon were chosen for study be- 
cause the change of the ratio of the 
intensities of the (110) and (220) 
lines is not complicated by the reso- 
lution of the doublet of the tetrag- 
onal lattice and by the presence of 
austenite. Partial decomposition of 
the martensite in these steels occurs 
during quenching and prevents an 
exact dependence of distortion on 
the amount of carbon in solution. 
The absence of resolution of the 
doublet of the tetragonal lattice can 
perhaps give only a nominal value 
of the mean-square diffraction. 
However, such measurements can 
give a general idea of the magnitude 
of distortion and of the change of 
binding in the lattice of a super- 
saturated solid solution of carbon in 
alpha iron (martensite). 

To determine the character of the 
distortion of the crystal lattice of 
martensite, X-ray intensity measure- 
ments were made on quenched steels 
containing 0.35 and 0,41% carbon at 
73 and —301°F. Specimens were 
0.9 mm. in diameter, and filtered 
cobalt radiation was used. It was 
found that the ratio of the intensities 
of the (110) and (220) reflections 
was 5% lower at —301° F. for pure 
alpha iron, 10% for 0.35% carbon 
steel, and 11.5% lower for 0.41% 
carbon steel. That is, the change in 
the thermal factor is greater for the 
solid solutions than for pure iron. 
The characteristic temperature of 
the martensite was calculated to be 
680° F. for the 0.41% carbon steel 
and 698° F. for the 0.35% carbon 
steel. These lower values, compared 
to those for alpha iron, are attributed 
to a weakening of the binding of 
the atoms in the lattice and to an 

(Continued on p. A-156) 


*Digest of “Causes of the Weak- 
ening of the Intensity of X-Ray In- 
terference of Martensite”, by V. A. 
Il’ina, V. K. Kritskaya and G. V. 
Kurdyumov, Doklady Akademii 
Nauk SSSR, Vol. 85, 1952, p. 773-75. 
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Vapor Degreasing with ““TRICLENE”’ D 


(TRICHLORETHYLENE) 


Cuts Metal Cleaning Costs... Boosts Production 


DU PONT 


First in Solvents for 


VAPOR DEGREASING 


pat orf 


WHERE SPEED AND ECONOMY are essential in metal 
cleaning, vapor degreasing with ‘“Triclene”” D meets 
top production demands . . . thoroughly removes pro- 
tective greases, quenching and lubricating oils, draw- 
ing compounds and other soil in one fast operation. 
Time required for cleaning is usually less than one 
minute, and sections of all sizes, shapes and metals 
can be efficiently handled. Parts come out clean, dry 
and warm—instantly ready for further processing. 
And vapor degreasing equipment is compact, inex- 
pensive to install and operate . . . is readily adaptable 
to manual, conveyorized or fully mechanized opera- 
tion in metalworking plants. 


“‘TRICLENE” D is designed for vapor degreasing by the 
pioneer manufacturer of trichlorethylene. In wide use 
for many years, “Triclene’” D is fully backed by 
Du Pont research plus the practical advice and assist- 
ance of Du Pont technical representatives. Here are 
“Triclene” D’s outstanding properties: 


Stable 

@ High purity 

@ Rated non-flammable 

@ Withstands moisture and heat 
@ Narrow boiling range 

@ Chemically neutral 


FOR FREE BOOKLET containing full information on 
vapor degreasing with ‘“Triclene” D, send the coupon 
below to: E. I. du Pont de Nemours & Co. (Inc.), 
Electrochemicals Dept., Wilmington 98, Delaware. 


E. I. du Pont de Nemours & Co. (Inc.) 
Electrochemicals Department, Wilmington 98, Del. 

Please send me more information on vapor degreasing 
including your free 20-page booklet. | am imterested in 
cleaning products. 
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Before Enameling, Before } 
—, 
Before Heat Treating Before Assembly 
Before inspection Between Machining } 
and Testing Operations : 
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BETTER THINGS FOR BETTER LIVING .. . THROUGH CHEMISTRY 


CIRCO DEGREASERS 
A Use 30% Less Solvent 


CUT LABOR COST 


CIRCO 
MONORAIL DEGREASER 


Can you afford the high cost of out- 
moded metal cleaning equipment? 
The new, modern Circo vapor de- 
greasers—whether large or small— 
are engineered to save you 30% in 
solvent consumption and up to 50% 
in labor costs through more efficient 
design and operation. Circo, drawing 
on a background of 30 years experi- 


And ONLY Circo-engineered designs can 
provide these additional advantages: 


1. Immediate interchangeable operation, 
Trichlorethylene or Perchlorethylene 

2. 208 standard designs to choose from 

3. Automatic reclaiming of solvent 

4. Lowered maintenance costs — ease of 
cleaning and servicing 

5. Complete technical field service — cus- 
tom-engineered installations 


Profit from Circo’s firm policy of constant 
research and study that adapts the latest 
and best in metal cleaning to YOUR 
requirements. 


ence in vapor degreasing, builds into 
its equipment such solvent-saving fea- 
tures as balanced condensing coils, 
leak-proof pumps, dual vapor-level 
control and regulated heat input. 
Circo degreasers are built to perform 
faster, save precious man-hours, 
through such construction features as 
easy access and clearance on two 
sides, large clean out doors, and well- 
placed controls and switches. 


Lattice Distortions . . . 


And now — Circo Pioneers 
In Ultrasonic Cleaning 


Circo again leads the way with the most modern and 
talked about metal cleaning development of the cen- 
tury. The new Circosonic Degreaser, equipped with 
General Electric ultrasonic generator, cleans metal 
parts by the power of sound—faster than ever 
thought possible and to a degree of cleanliness that 
passes the most stringent industrial standards. The 
Circosonic degreaser may fit your operating needs. 


Write for full technical literature. 


CIRCO HAS DEVELOPED A COMPREHENSIVE, AUTHORITATIVE MANUAL ON THE SUBJECT OF 
VAPOR DEGREASING. WRITE TODAY, FOR THIS 32-PAGE BOOKLET. NO OBLIGATION, OF COURSE. 


SINCE 


122 Central Avenue, Clark (Rahway), New Jersey Offices in principal cities 


PER-SOLV (Perchlorethylene) 
Vapor Degreasers °* 
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Metal Perts Washers 


CIRCO-SOLV (Trichlorethylene) 
© Dryers © Solvent Recovery Stills 


(Continued from p. A-154) 
increase in the amplitude of thermal 
vibrations. 

The higher value of the ratio of 
reflections for the 0.41% carbon steel 
at —301° F. than for alpha iron in- 
dicates the presence of significant 
static distortions of the martensite 
lattice. A calculation gave a mean- 
square displacement of the iron 
atoms from the lattice points of 
0.09 4 in a direction normal to the 
(O11) plane. These static distor- 
tions accounted for slightly more 
than half of the difference between 
the ratio of reflections for the 0.41% 
carbon steel and the alpha iron, 
and the remaining difference was 
caused by changes in dynamic dis- 
tortions; that is, by changes in the 
strength of binding. 

Thus, the martensite lattice is 
characterized by the presence of 
significant deviation of the center 
of vibration of the atoms from the 
lattice points. Moreover, the pres- 
ence of carbon in solution leads to 
a significant increase in the mean 
deviation of the iron atoms during 
thermal vibrations and therefore to 
a weakening of the interatomic bind- 
ing compared to alpha iron. 

A. G. Guy 


Failure of 
Structural Sections in 
Welded Ships* 


HIS PAPER summarizes the infor- 

mation accumulated during the 
past ten years on the fracture of 
welded ships and gives complete de- 
tails of the investigations which were 
made of the structural steel sections 
involved in the failures. 

Of the 5000 merchant ships built 
during World War II, more than 
20% of these developed cracks in 
varying degrees up to April 1946, 
when most of the ships were less 
than three years old. From Novem- 
ber 1942 to December 1952, more 
than 200 ships sustained serious frac- 
tures and at least 13 ships broke 


*Digest of “Investigation of Struc- 
tural Failures of Welded Ships’, by 
M. L. Williams and G. A. Ellinger, 
Welding Research Supplement, Vol. 
28, October 1953, p. 498S-527S. 
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FOUR SIMPLE STEPS... 


Clean Surface 
Apply Dy-Chek Dye Penetrant 


Remove excess Dye Penetrant 
with Dy-Chek Dye Remover 


Apply Dy-Chek Developer. 
Flaws are revealed. 


From coast-to-coast and border -to- 
For Cleaning or Metal Conditioning Problems... Turn to Turco First! border Turco specialists and Turco 


Hot or Cold Immersion 


Solvent Sproy Phosphate Coating 


5 MILES OF 
FLAW DETECTION 


“The others wanted weeks... 


but dy/chek 
did it in days...” 


JAMES A. MITCHELL, Plant Supt. 
Standard Steel Corporation, Los Angeles, Calif. 


Five miles of welding that must be checked for flaws carefully and 
accurately. This was the problem faced by Standard Steel while con- 
structing a gigantic vacuum tower for one of America’s leading petro- 
leum refiners. Here was a job where accuracy was vital and where time 
and cost factors were of major importance. After checking other processes 
calling for importation of outside specialists and with completion time 
measured in wecks, Standard Steel turned to Turco and the dye-pene- 
trant method. 

With Turco Dy-Chek the huge job was accomplished in days rather 
than weeks...was done with Standard Steel personnel... .and at a saving 
in cost that amounted to hundreds upon hundreds of dollars. 

You may not be building vacuum towers over 50 feet high or dealing 
with welds 5 miles in length... but if you are fabricating metal in any 
size or shape you'll find those hidden flaws with greater certainty... 
you'll find them faster and at lower cost if you'll turn to Turco... Turco 


Dy-Chek. .. first! 


Regardless of size...regardiess of 
shape...the Turco Dy-Chek dye-pen- 
etrant process will locate existing 
flaws in any metal. No expensive 
equipment is needed...no trained 
personnel is required. Flaw detection 
the Dy-Chek way is simple, certain 
and fast. Initial costs are low... 
operating costs are low. Why not 
investigate today? 


67 SPECIALIZED SERVICE CENTERS Write for FREE 
Descriptive 
Booklet. 
warehouses are in most principal Don't be without 
cities. Consult your local classified this completely 
phone book for the one nearest you. informative, 
profusely itius- 
trated booklet 
on flaw detec- 


x tion. it's free 
Steam Cleaning and yours for 


ye TURCO the asking! « 
PRODUCTS, INC. 


Chemical Processing Compounds 


Paint Removing 6135 So. Central Ave., Los Angeles |, Calif. 


Factories: Newark, Chicago, Houston, Los Angeles 


OrsTRicT New York 6.NY. Chicago 1, Ii! Los Angeles 1, Calif Atlanta 3, Georgi Seattle, Wash Kansas City 8. Mo Houston 10, Tex San Francisco 7, Calif Philadeiphia 23, 
SALES OFFICE 21 West St 75€. Wacker Or 6135S Centrai Ave 317 Mortgage Bidg 


1565 6th Ave So 2110-12 Grand Ave 1606 Henderson 605 Third St 95 Farrmount Ave 


JULY 15, 1954; PAGE A-157 


4 A | 
| 
i 
Spray Washing 
/ ¢ 


Welded Ships .. . 


(Continued from p. A-156) 
completely in two and 25 other ves- 
sels had complete fractures of the 
strength deck or the bottom. Al- 
though fractures have occurred in 
riveted ships, these failures usually 
ended at discontinuities at the riv- 
eted joints and did not spread to ad- 
joining plates. Since a welded struc- 
ture is continuous, cracks may propa- 
gate across welds into adjacent 
plates and thus cause a complete 
structural failure of the assembly. 


Samples from 100 ships in which 
fractures occurred were examined 
prior to December 1952. Preliminary 
studies included (a) determination 
of the location of the samples with 
respect to the fracture and the ship 
structure, (b) visual examination of 
the fractures and welds, (c) deter- 
mination of the starting point of 
fracture from this examination or 
from available reports, (d) evaluation 
of factors — such as loading and tem- 
perature — which may have con- 
tributed to the origin and propaga- 
tion of the fractures. Laboratory in- 
vestigation of the plates included de- 


MyM 


ELECTRIC FURNACES 


COMPARE THESE FEATURES COMPARE THESE PRICES 


> Infinite Zone Control to 
2000° and 2300°F 

=> Zone temperature indication 
by Pyrometer Selector Switch 

Porcelain Element Holders 

—® Automatic Hold and Cut-off 
instrument available 

Infinite Variety of Time- 
Temperature Curves Obtain- 
able 

=P Rugged Construction. High- 
est quality insulation used. 


Firing Semi- 
chamber Auto. | Auto. 
(H. W. D.)| prices | prices 


6"x12"x12"| $295.| $432. 
12"x12"x12"| $405.| $550. 
_9'x 9'x18"| $480. | $625. 
14"x14"x14"| $525.| $680. 
20x20"x20"| $975. | $1140. 
18x18"x36" | $1125. | $1375. 


(To 2000° Maximum Temp.) 


Over 40 Standard Models — Write for complete literature 
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INDUSTRIAL DIVISION 


Chester 1, Pa. 


Some Territories Available for Representation 


tailed macro and microscopic exami- 
nation of fractures and welds, ten- 
sile tests, Charpy V-notch impact 
tests over a range of temperatures, 
chemical analysis of the plates for 
14 elements, vacuum-fusion analysis 
for oxygen, hydrogen and nitrogen. 
Measurements of the reduction in 
thickness at the fracture edge were 
made wherever possible and micro- 
scopic examinations were made of 
all of the plates in which fractures 
originated. 

The temperature at which fracture 
occurred was recorded as water tem- 
perature for plates fracturing below 
the water line or as air temperature 
for plates fracturing above the water 
line. Fractured plates were further 
classified into source plates that con- 
tained the origin of fracture, through 
plates in which the crack passed and 
contained neither the source nor the 
end of fracture, and end plates in 
which the crack terminated. Frac- 
tures always originated in some kind 
of a notch or discontinuity, either 
mechanical or metallurgical. 

Notch-bar | test specimens were 
standard Charpy V-notch (shown in 
“A.S.T.M. Standards”, 1952, Ten- 
tative Standard E23-47T). The 
transition temperature is taken as 
that point at which the Charpy test 
value falls below 15 ft-lb. energy 
absorption. 

Detailed descriptions are reported 
of the fractures in the 100 plates 
with respect to origin of crack, thick- 
ness of plate at fracture and 1 in. 
away, and structural defects such as 
notches and poor welds. Over half 
of the fractures started in the vicinity 
of structural features — such as hatch 
corners, ladder cut-outs or other 
openings — or at the abrupt end of 
stiffeners, such as bilge keel, longi- 
tudinal and doubler plates or other 
discontinuities which act as stress- 
raisers. Over a third of the cracks 
started in defective welds, some re- 
lated to structural notches, and 
others in which the only notch pres- 
ent was that resulting from welding 
defects. A common origin of cracks 
was at the are strikes or craters 
caused by welders striking an are 
on the plate outside of the weld zone. 

Several distinctive features of the 
cracks were common to all of the 
fractures. All were of the brittle type, 
the break being perpendicular to the 
plate surface with very small reduc- 
tion in plate thickness (usually less 
(Continued on p. A-160) 
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Welded Ships .. . 


(Continued from p. A-158) 
than 3%) at the edge. Evidence of 
strain or plastic deformation was 
lacking, as shown by absence of 
cracks in the scale or paint near the 
fracture. The stress in the plate must 
have been less than the yield point 
a very small distance from the edge 
of the crack. 

The fractures are characterized by 
a pattern in the broken surface, the 
pattern being described as chevrons, 
herringbones, or arrowheads. These 
arrowheads point to the origin of 
fracture; the authors show this fea- 
ture in a number of illustrations. 

The amount of reduction in plate 
thickness at the edge of the frac- 
ture was generally very slight but a 
few breaks showed a thin lip of a 
partial shear fracture instead of a 
complete cleavage break. This de- 
crease in the thickness at the frac- 
ture edge varied from 0.4 to 4.0% 
for the plates with a brittle fracture. 
Thickness reductions of about 30% 
were found in two small areas which 
showed a double-shear fracture. 

The laboratory study of some 
100 cracked ship plates included 
a complete metallographic survey, 
conventional tensile and bend tests 
as required in the specifications, and 
a complete series of Charpy V-notch 
impact tests on each plate at tem- 
peratures from 0 to 150° F. 

The microstructures were typical 
of hot rolled carbon steels. Some 
plates had a large number of in- 
clusions, some were excessively 
banded, some indicated rimming 
steels, but most of the samples in- 
dicated semikilled steels. In the 
vicinity of the brittle fractures, de- 
formation of the grains was mostly 
confined to the grains in which 
fracture occurred, while in some of 
the shear (ductile) breaks the 
deformation appeared at some dis- 
tance on each side of the break and 
also ahead of the fracture. This in- 
dicated a highly localized deforma- 
tion in the brittle fractures as com- 
pared to the much larger volume of 
metal that was deformed in ductile 
fractures. 

Two unusual features were ob- 
served in many of the samples. 
These were Neumann bands, which 
were common in the grains along 
the brittle fracture, and directional 
(Continued on p. A-162) 
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Welded Ships . . . 


(Continued from p. A-160) 
cracks. These were not found in 
plates having a ductile break. The 
directional cracks found near the 
brittle fractures were entirely trans- 
crystalline and were marked by dis- 
placement or offset of the grain ma- 
terial along one side of the crack. 
Occasionally the cracks were so 
numerous as to indicate a zone of 
shatter such as appears in glass 


fractures. The distinct difference be- 
tween the shock and shatter cracks 
associated with the brittle fractures 
as compared to the cold worked 
deformation structure of the ductile 
breaks is very evident in the micro- 
graphs reproduced in the article. 
The grain size of the plates was 
determined by comparing the frac- 
ture surface of broken impact tests 
made at a temperature below the 
transition temperature where a 
brittle cleavage fracture was ob- 
tained. Visual observation of these 
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enabled the determination of frac- 
ture grain size within an accuracy 
of one A.S.T.M. grain size in the 
range of No. 2 to No. 7. The grain 
sizes so determined were generally 
proportional to the thickness of the 
plates in the range of 0.52 to 1.25 
in. thick. No tabulation of grain sizes 
is given in the paper, nor were 
Charpy tests or transition tempera- 
ture correlated with grain size. 

The mechanical properties of the 
plates were studied by means of 
transverse and longitudinal tensile 
tests and notched-bar tests with 
both longitudinal and transverse 
orientation, together with notches 
cut parallel or perpendicular to the 
plate surface. The tensile tests gave 
conventional strength values; thus 
all samples met specification require- 
ments. The impact tests gave a wide 
scatter of results for test conditions, 
involving temperature of test, orien- 
tation of sample, notch direction and 
grain size, and the only condition 
which gave some uniformity and 
reproducibility was for samples cut 
in the direction of rolling and having 
the notch perpendicular to the plate 
surface. Specimens made this way 
were used in the determinations for 
the transition temperature of each 
plate steel, the chemical composition 
on the transition temperature and for 
the statistical summaries of the 
effect of plate thickness (grain size). 

To establish the relationship of 
Charpy V-notch with the transition 
temperature for each plate, four 
specimens were broken at each tem- 
perature and average values were 
plotted; these four specimens were 
cut from different places in the plate 
to avoid local variations. The im- 
pact values at the various test tem- 
peratures are plotted, using a value 
of 15 ft-lb. as the minimum measure 
of ductility with the temperature 
corresponding to this value being 
the transition temperature for that 
particular plate. 

An extensive statistical survey of 
all of the impact test data is in- 
cluded. The plates in which cracks 
started had the highest average 
transition temperature (about 
80° F.) with none below 55° F.; 
some of these plates had transition 
temperatures as high as 150° F. 
Plates which contained a brittle frac- 
ture through the plate showed an 
average of 65° F., with some as low 
as 20° F.; plates in which the cracks 
(Continued on p. A-164) 
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Welded Ships . . . 


(Continued from p. A-162) 
stopped and had some ductility had 
an average transition temperature of 
49° F. and a minimum of 0° F. 

The service temperatures observed 
at the time the cracks started on 
ships ranged from 20 to 78° F. Little 
relation was found for number of 
failures and plate thickness; there 
were 36 fractured plates in the 
ranges 0.44 to 0.69 in., 37 plates in 
the range 0.70 to 0.80 in., and 32 
plates in the range 0.81 to 1.25 in. 

Mutiple correlation plots of 
the 15-ft-lb. transition temperature 
versus carbon content, manganese, 
phosphorus, silicon, and sulphur are 
contained in the paper. The effect 
of increased carbon content on rais- 
ing transition temperature is quite 
significant, but the effect of the other 
elements seems to be quite vague. 
This is attributed to the small range 
of variation of the elements (0.01 
to 0.04% P, 0.01 to 0.12% Si). The 
authors concluded from these statis- 
tical results that carbon and phos- 
phorus are detrimental because they 
raise transition temperatures, where- 
as an increase in manganese or 
contents is beneficial in 
lower transition temperature. No in- 
fluence on transition temperature 
found with respect to 
hydrogen, oxygen or nitrogen con- 
tent of the steels. 

The results of this investigation 
indicate that the structural failures 
in welded ships were caused by 
stress concentrations and by steel 
that was notch sensitive at operat- 
ing temperatures. This conclusion is 
confirmed by results of laboratory 
tests of fractured plates, as well as 
by critical observations of the start- 
ing points and the circumstances of 
the failures. 

The starting points of the frac- 
tures could be traced, invariably, to 
a point of stress concentration at a 
notch resulting from structural or 
design details, welding defects, 
metallurgical imperfections or acci- 
dental damage. The failures were 
relatively more numerous at lower 
operating temperatures, and the few 
failures that did occur at tempera- 
tures higher than about 50° F. were 
not as extensive or serious as many 
of the failures which occurred at 
lower temperatures. The fractures in 

(Continued on p. A-166) 
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Welded Ships . . . 


(Continued from p. A-164) 

the ships were of the brittle type, 
having very little ductility; however, 
in tension tests the steels from the 
fractured plates showed normal 
strength and ductility, which would 
meet the specifications under which 
these steels were purchased. 

Relationships between the transi- 
tion temperatures (determined by 
Charpy V-notch tests) and the 
chemical compositions and grain 
sizes of the steels indicate that 
notch sensitivity increases as carbon 
or phosphorus is increased, is de- 
creased by increasing amounts of 
silicon or manganese, or by decreas- 
ing the grain size, and that these 
effects are apparently additive. The 
improvement of notch toughness 
that has been attributed to a higher 
manganese-to-carbon ratio is more 
probably a result of the additive 
effects of increased manganese and 
decreased carbon content. 

E. C. Wricut 


Mathematics in 
Quality Control* 


UALITY conTROL in the large 
Q manufacturing industries is ac- 
tually “statistical” quality control, 
the adjective having been dropped 
partly because the word has a con- 
siderable degree of mystery for 
many persons. Quality control may 
be defined briefly and simply as the 
science of preventing defects and 
maintaining the uniformity of a 
product through the use of statistical 
methods. In addition to its basic 
preventive function, this control has 
the correlated functions of accept- 
ance, or inspection at both receiving 
and shipping ends, and assurance. 
The latter calls for extension of 
quality control into the realm of 
sales and management. 

Probably the most useful tool of 
the quality engineer is the “average 
and range” (A and R) chart, devised 
by Walter A. Shewhart and based 
on the statistical law that no two 

(Continued on p. A-168) 
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Quality Control . . . 


(Continued from p. A-166) 
manufactured products are alike but 
vary according to a definite pattern. 
The Shewhart chart builds frequency 
distribution on a time trend basis, 
with the ordinate being the variable 
under measurement and the abcissa 
being time. Its three principal uses 
are: (a) to determine when to search 
for assignable causes of variation and 
take corrective action; (b) as a basis 
to change production procedures, 
and (c) to determine machine or 
process capability. 

Three levels of mathematics or 
mathematical principles are required 
in the quality control function: 
simple arithmetic on the inspection 
line; high school mathematics for 
technicians, including advanced al- 
gebra, plane and solid geometry, 
trigonometry and, preferably, an 
elementary course in quality control; 
and college mathematics for super- 
visors, covering descriptive geome- 
try, differential and integral calculus, 
and statistics. 

Most of the necessary mathe- 
matical work falls on the technician 
who must handle calculation of con- 
trol limits, analyze control charts, 
select sampling plans, study proc- 
esses by the analysis of variance, 
make significance tests and finally 
correlate the whole business. 

Fortunately, a good bit of the 
mathematics has been reduced to 
relatively simple formulas, constants 
and tables. In sampling, for example, 
the technician generally will use the 
Dodge-Romig single and double 
sample plans, or one of the various 
plans specified by the armed forces. 
It was in connection with produc- 
tion for the military during the last 
war, incidentally, that statistical 
quality control found wide use. 

Some large companies use work 
sheets for each control problem that 
explain every procedure for obtain- 
ing the actual values to be entered 
and the arithmetical operations to be 
performed. This method of solving 
routine problems is used almost uni- 
versally in quality control, engineer- 
ing and design. Although it does not 
lead to the development of mathe- 
matical skill, it has the advantage of 
making it possible for almost anyone 
to fill out the work sheets and per- 
form the elementary arithmetic. 
(Continued on p. A-170) 
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FEATURES: 


e Extra heavy, low conduc- 
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cally sealed compressors; 
heavy-duty all copper 
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e Automatic overload 
protection 
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to —140° F. 
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Quality Control . . . 


(Continued from p. A-168) 

The work of a quality control 
technician or supervisor, in addition 
to solving routine problems, requires 
that he be able to think mathemati- 
cally. Often the successful interpre- 
tation of data and the solution of 
problems call for the technician or 
supervisor to devise new methods of 
analysis. This cannot be done effec- 
tively unless he has a fairly complete 
mathematical background. 

Since statistical principles are used 
to control dimensions in manufactur- 
ing, it is logical that they might be 
also applied to setting of tolerances 
in design. Thus, in a machine having 
three parts bolted together, with 
specified tolerances in each, the 
usual way of determining the result- 
ant variation in the over-all length of 
the assembly would be to add the 
tolerances algebraically. However, 
this would hold true only if every 
piece were made to the maximum 
tolerance — almost never the case. If 
the manufacturing process is statisti- 
cally controlled, the lengths will be 
normally distributed with most of 
the pieces being at the mean of 
tolerance. Under these conditions, 
99.7% of the assemblies will be with- 
in tolerance. A. H. ALLEN 


Quality of Extrusions* 


N THE extrusion of solid products 

in copper and aluminum alloys on 
horizontal presses by the direct 
process, the greatest safeguards of 
quality are constant vigilance and 
attention to apparently insignificant 
details. 

With the semicontinuous casting 
process used universally for alumi- 
num alloys, surface exudations 
should be removed by machining; 
however, not all alloys and sizes of 
billets need to be machined prior to 
extruding. Microscopic examinations 
and ultrasonic scanning are em- 
ployed to help in selecting aluminum 
alloy billets of fine grain size and 
satisfactory freedom from _ stress 
cracking. 

With certain materials, such as 

(Continued on p. A-173) 

*Digest of “Some Factors Affect- 
ing the Quality of Extrusions”, by 
Christopher Smith and N. Swindells, 


Journal of the Institute of Metals, 
March 1954, Vol. 82, p. 323 to 333. 
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Here’s how you save 
WITH THE 

PONT SODIUM HYDRIDE 

DESCALING PROCESS 


5. EASY TO OPERATE 

Any pickler can be trained in a few 
hours to run the Du Pont Sodium Hy- 
dride Descaling Processeffectively. You 


1. SHORT TIME CYCLE 

Only 15 seconds are required to get cold 
reduced-annealed strip clean and bright 
—10 to 20 minutes for fabricated arti- 


cles, sheets, wire, rods, bars and forg- can do more work with fewer men and 
ings. Even heavily scaled forgings (!4’’ scale thickness) less equipment. And you save on time, space and labor 
take less than an hour! costs. 


2. NO LOSS OF BASE METAL 


There’s no danger of costly rejects due 

to pitting, etching, or loss of gauge with 

the Du Pont process—no matter how 

long work is left in the bath. This per- 
mits working to closer tolerances and assures high 
dimensional accuracy. 


6. DU PONT TECHNICAL SERVICE 

If you are descaling metals which are 
unaffected by fused caustic at 700°F., 
it will be to your advantage to talk 
with us about the Du Pont Sodium Hy- 
dride Process. Du Pont pioneered this modern descaling 
method and can bring a depth of technical experience to 


3. RETREATMENTS RARELY NEEDED bear on your descaling problems. There's no cost for this 
service which includes laboratory investigation of prob- 


I” One nase through the sodium hydride _jems plus expert aid in the construction, installation and 
A, bath will do the job completely. You operation of the process. Just call our nearest district 


can maintain uniform speed in produc- _ office or send in the coupon below. 

tion-line descaling. Quick completion 
of orders means you can substantially cut down on 
inventory in process. 


SEND FOR FREE BOOKLET describing the Du Pont Sodium Hy- 
dride Descaling Process—how it works—what it can do for 


you. This illustrated booklet lists the metals that can be de- 
4. SIMPLIFIED PROCESS scaled with this remarkably efficient process . . . gives brief 


No scale-breaking or special racking descriptions of necessary equipment and operating pre- 

procedures are required. Finished stock cautions. Just fill out and mail the coupon below for your 

of any size or shape can be completely copy. E. I. du Pont de Nemours & Co. (Inc.), Electrochemicals 
Department, Wilmington 98, Delaware. 

descaled with the versatile Du Pont ’ 

process. Even dissimilar metals can be treated in the istrict AND SALES OFFICES: Haltimore + Boston 

same bath—at the same time! Charlotte + Chicago + Cincinnati Cleveland « Detroit 


Kansas City* + Los Angeles + New York + Philadelphia 
Pittsburgh + San Francisco *BaRADA PAGE. INC 


an aman anaes 
MAIL THIS COUPON FOR FREE BOOKLET 
DU PO NT E. I. du Pont de Nemours & Co. (Inc.) 


Electrochemicals Department MHB.4 


® a d id Wilmington 98, Delaware 
Sodium y ri e process C) — send me your free booklet on Sodium Hydride De- 
scaling. 


for positive descaling (_} Please have one of your technical men call. I am interest- 


ed in descaling 


Name Position 
Firm 


Address 
BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


City State 
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One Call 
| 
Does It All : 


A call to MD brings you direct to Metal Powder Headquarters 
and closer to the answer to your Powder Metallurgy problem. 


For, as a pioneer in the manufacture of metal powders since 
1916, MD has played a large role in the development of many 
of their uses in industry today as the only company which manu- 
factures a complete line of metal powders. This has resulted in 
MD being the first source called on to supply an extensive line of 
powders for a wide range of applications. 


Call on "Metal Powder Headquarters” for help on your metal 
powder problems. The advice and recommendations of the MD 
Sales Service Department are yours without obligation. 


METALS DISINTEGRATING COMPANY, INC. 
Elizabeth B 


New Jersey 


Plants: 
Elizabeth, N. J.; Manchester, N. H.; 
Berkeley, Colif.; Emeryville, Colif. 


METAL POWDERS 
METAL PIGMENTS | 
METAL ABRASIVES 


SUBSIDIARY OF AMERICAN-MARIETTA COMPANY 
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One Source 
For All Types of 
Metal Powders 
Offers 
Real Advantage 
Metal Powder Headquarters provides 


quick means of obtaining answers 
to right powders to use 


Regardless of the kind or type of 
Metal Powder required, a single call to 
MD (Metal Powder Headquarters) 
brings an answer to a Powder Metal- 
lurgy problem and the correct type of 
Metal Powder to meet that particular 

MD has pioneered many of the major 
developments in Powder Metallurgy 
and is prepared to manufacture for you 
the following metal powders, in various 
mesh sizes. They will be glad to discuss 
with you the processing of ‘‘special”’ 
powders needed for your requirements. 

Aluminum Powder 
Brass Powder 
Bronze Powder 
Cadmium Powder 
Copper Powder 
Iron Powder 
Lead Powder 
Nickel Powder 
Phosphor Powder 
Silver Solder Powder 
Solder Powder 
Special Alloy Powder 
in Powder 
Titanium Powder 
Zine Powder 
Antimony, Bismuth, Chromium, 
Magnesium, Manganese and 
Silicon Powders 

This one-stop service and availability 
is yours by reason of the experience 
gained by MD through years of re- 
search and development. Today, MD 
is the only metal powder manufacturer 
making a complete line of Metal 
Powders. 


MD Metal Pigments Widely Used 


MD also manufactures Aluminum 
Pastes and Powders and Gold Bronze 
Powders for a wide range of uses such 
as product finishing both metal and 
plastics, metallic inks, etc. The decora- 
tion of many parts can be greatly en- 
hanced with the use of such Metal 
Pigments. Aluminum pigmented paints 
are recognized for their outstanding 
protective qualities and can be used for 
priming as well as finish coats. 


MD Oldest Shot and Grit 
Manufacturer 

The Harrison Abrasive Division of 
MD is the pioneer manufacturer of 
Shot and Grit in this country. Harrison 
“Chilled’”’ Shot and Harrison Diamond 
Grit are widely used in the metal trades 
for cleaning of castings, forgings and 
| many metal parts. The new Harrison 
L/D Cut-Wire Shot meets the require- 
ments for cleaning and peening of 
metal parts. 

Numerous Technical Bulletins are 
available on request. 
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Extrusions .. . 


(Continued from p. A-170) 
tough-pitch copper, oxidation of the 
billet surface during preheating can 
have a profound influence on the 
manner in which the metal flows 
during extrusion and can cause sub- 
surface defects which increase the 
amount of scrap. Thus, furnace at- 
mospheres or protective coatings, 
such as whiting or other adherent, 
inert substances are important in 
the prevention of surface scaling. 

With aluminum alloys it is inad- 
visable to “force” the heating of 
billets, for irreparable harm may be 
done to some alloys. In spite of this, 
the suggestion that preheating in 
low-frequency induction units may 
result in greater economy has cer- 
tainly attracted considerable atten- 
tion. It should be pointed out that 
certain of the strong heat treatable 
alloys require prior homogenization 
if very rapid heating is to be used. 

The alignment of the press is im- 
portant, since many extrusion defects 
can arise from the maladjustment of 
the pressing stem. With brass, loads 
of 167,000 psi. appear to be as high 
as is practicable for a reasonable 
tool life with normal ratios of billet 
length to diameter. Low unit pres- 
sures require undesirably high tem- 
perature for extrusion, which de- 
creases quality and increases scrap 
resulting from failure to extrude 
complete billets. 

Tool materials must withstand 
particularly severe conditions of 
temperature, stress and thermal 
shock. Dimensional accuracy is one 
of the main aspects of quality, and 
it depends on the ability of the dies 
to maintain their shape without 
“washing in” or cracking. Variations 
in the length of die bearing and ad- 
justments of the lead-in taper are 
used to control the flow through 
different parts of die openings that 
are nonuniform in cross section. 
Other methods of controlling flow 
are by positioning the part of the 
section where resistance to flow is 
high in the middle of the die and 
by encouraging flow by local appli- 
cation of lubricants to the die. 

With copper alloys the higher 
extrusion speeds produce greater 
uniformity from end to end of an 
extrusion with respect to properties 
and dimensions. This is illustrated 

(Continued on p. A-174) 


More than 100 efficient Oakite materials and modern 

Oakite cleaning methods are ready to help you 

handle any job of getting metals clean. Whatever the 

soil to be removed; the metal; the equipment used; 

and the finishing process, you'll find an Oakite Mate- 

rial that can most suitably meet your requirements. 
Phosphating Oakite CrysCoat process cleans and con- 
ditions metals for painting; anchors paints, enamels, 
lacquers to the product; inhibits corrosion. 


Oakite materials improve luster quickly, 
, rinse easily. 
leani 
Cleaning by tank Various types of Oakite self-emulsifying 
solvent cleaners and alkaline cleaners are available 
for brass, copper, lead, tin, zinc, aluminum, mag- 
nesium. 
Both solvent and alkaline type Oakite 
: cleaners offer advantages in spraying operations. 
Electrocieaning Steel and non-ferrous metals cleaned effi- 
ciently, economically, thoroughly by a number of 
' outstanding Oakite solutions. 
hide Deoxidizing Oakite materials do a superior job with 
: greatest safety, improved results. 
Paint Stripping Paints loosened by safe, fast, economical 
; Oakite strippers are readily flushed away. 


Rust Protection 
t Oakite Special Protective Oil applied to 
wet surfaces, displaces moisture, prevents rusting of 
parts. 
lants, Lubri © 
Coolants, Lubricants Biv@ware Soluble Oil and other materials 
assure Cleaner machining and grinding operations— 
save time, trouble and money. 
INOUSTRiag 
FREE BOOKLET gives de- 
tails. Write Oakite 


Ning 
Products, Inc., 26H AKITE 


Rector Street, New 


York 6, N. Y. mernoos * ** 


Technical Service Representotives in 
Principal Cities of US & Coneda 
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FLO-METERS 


. . for measuring industrial gases 
Here at last is the truly modern 
flo-meter that offers important and 
exclusive advantages for every user. 


1. Easy to clean. No tools are needed 


for for disassembly . . can be completely 

rs cleaned and reassembled in 2 minutes. 

a 

* ammonia 2. Easy to read. 6” scale fives extra 

+ dissociated visibility. Exclusive Waukee tabs 
ammonia identify in large red letters gas being 

* butane measured. Eliminates mistakes. 

* city gas 

° endothermic 3. Built-in control valves. Operators 
cracked can easily see flow change. 

7 = 4. Easy to mount. Can be panel mounted 

. piping is simpler, installation 

° naturel ges costs less. 

For additional information request 

. 
bulletin “201. 

* propane 


ENGINEERING COMPANY 


403 EF. Michigan Street, Milwaukee, Wis. 


To employ the same methods today 
that were in use yesterday — 
is to live without progress! 


Keeping in step with new stamp- 
ing methods and metalworking proced- 
ures, is a MUST at Worcester Stamped 
Metal. Here, new tested ideas are put into 
operation, improved equipment and more 
accurate instruments are adopted, to guarantee greater precision and 


wider versatility in the shaping and deep drawing of component parts. 


Over 100 presses from semi-automatics to 1000 
ton pressure, afford unusual facilities to manufacturers 


with crowded schedules. Let our representatives help you 


6 Y — or send blueprints and samples direct for quotation. 


WORCESTER STAMPED METAL 


10 HUNT ST., WORCESTER, MASS., U. S. A. 


SPECIALISTS §1N SKILLED STAMPING SERVICE 
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Extrusions .. . 


by the effect obtained by two ex- 
tremes in extrusion speed on the 
diameter of material produced from 
a single-hole die from billets 8 in. in 
diameter and 26 in. long of a leaded 


58% copper, free-machining brass at 
1380° F. 


EXTRUSION Rop Diameter, IN. 
Time, Sec. Front Back 


57 1.558 1.560 1.570 
8 1559 1.560 =1.562 


Many factors influence the maxi- 
mum speed, which with a + 2 
brasses is a complex function of 
composition, temperature and size 
of rod. If the speed or temperature 
is too high, there is a tendency for 
the brass to build up around the 
exit side of the die and for the rod 
to emerge with a grooved surface 
and below the expected diameter. 

Extrusions with excellent surfaces 
may be produced at speeds up to 
100 ft. per min. in alloys of the 
magnesium silicide type, and to a 
smaller extent in the aluminum- 
magnesium alloys; with ultra-strong 
alloys, speeds may have to be as low 
as 3 ft. per min. if a satisfactory 
product is to be obtained. 

As a general rule, with the copper 
alloys the lowest extrusion tempera- 
ture consistent with the alloy, extru- 
sion ratio and power available is 
preferred for the following reasons: 

1. The tendency for deterioration 
of the surface of the billet during 
preheating is reduced. 

2. Liquid phases at grain bound- 
aries are avoided. 

3. A finer structure is obtained. 

4. Transverse cracking with a + 2 
brasses is avoided. 

5. The mechanical properties 
throughout are more uniform. 

6. The tendency for grain growth 
to occur on reheating is consider- 
ably reduced. 

With aluminum alloys the opti- 
mum extrusion temperature naturally 
varies according to the ratio of re- 
duction of area, the complexity of 
the shape of the section, and the 
alloy being extruded. In general, the 
temperature should be as low as 
practicable, although not too low to 
promote grain growth which may 
occur on subsequent heat treatment 
of higher strength alloys. 

(Continued on p. A-176) 
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High Vacuum Furnaces... 


I here are a lot of things about vacuum furnaces that are hard to predict. 
You can’t always work them out ahead of time on a slide rule. But time and 
again you can pull sound answers out of a backlog of experience. 


The best training in designing and building vacuum furnaces is to run 
them — lots of them — all types — year after year. 


That's just the kind of experience we have here at National. We've not only 
built more vacuum furnaces — but we have operated more than anyone else 
and over a longer period of time. 


We think that’s an important reason National's vacuum furnaces are 
engineered so closely to our customers’ production requirements and why 
they have such a “trouble-free” reputation. NRC Vacuum Furnace bulletin 
now in preparation. Send your name for a copy. 


[| National Research Corporation 


Equipment Sales Subsidiary; NARESCO EQUIPMENT CORPORATION 
160 Charlemont St., Newton Highlands 61, Mass. 
OFFICES: PALO ALTO, CALIF. © CHICAGO © CLEVELAND © NEW YORK CITY 
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Here is a Package” that will get rid 
of a costly ond annoying problem... 
In fact, it will save up to 60% of costs 
for cutting and chipping tools .. . the 
best life is gotten out of today’s steels 
through proper dressing . . . proper 
steel, properly treated, will reduce costs 
substantially. Now, at your own con- 
venience, you can dress as many tools 
as ore needed, and keep close control 
of your tool inventory. 

The complete “Tool Dressing Pack- 
age”, entirely engineered by LOBDELL 
UNITED CO., (subsidiary of United En- 
gineering and Foundry Co.) . . . in- 
cludes all of the Forging, Heat Treating 
and Dressing Equipment .. . plus, the 
practical methods needed . . . and this 
“Package” not only reduces inventory 
costs, but it can do this at low initial 
cost, recoverable nominally in one year 

without special metallurgical 
control. 

The ‘versatile’ NAZEL Electro-Pneu- 
matic Forging Hammer is the LOBDELL 
UNITED CO. nega . For the addi- 
tional equip ted within this 
“Package”, LOBDELL is joined by a 
group of the most reputable leaders 
in their fields: 

Heating Equipment by Eclipse Fuel 
Engineering Company 

Tool Grinding Equipment by Black 
and Decker Company 

Accessory Tools and Tool Steels by 
Bedford Tool and Forge Company 


FORGING FURNACE 


POT FURNACE 


QUENCH TANK 


TEMPERING FURNACE 


A copy of LOBDELL's new “Too! 
Dressing Package” Bulletin will 
give you further details. 


TOOL GRINDER 


1836-1954 


WILMINGTON 99, DELAWARE 
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Extrusions .. . 


(Continued from p. A-174) 
A great number of aluminum 
alloys can be effectively heat treated 
by the simple technique of quench- 
mg at the die. With adequate in- 
spection and proper design of 
quenching equipment safe- 
guarding the extrusion tools, this 
process may be used with confidence. 
Separate solution treatment, as 
carried out in electrically or gas 
heated furnaces, requires proper con- 
trol of the weights of loads, soaking 
periods and loading practices to pro- 
duce satisfactory results. It is certain 
that the atmosphere of the solution 
treatment furnace has profound 
effect on the development of blisters 
in extruded sections, and it is known 
that the introduction into the furnace 
atmosphere of creosote oil or am- 
monium fluoride vapor or the greas- 
ing of sections before being put into 
furnaces will markedly reduce this 
blistering effect. 
T. F. McCormick 


Evaluate Oxalic Acid 
Etching Test* 


Ts PAPER summarizes the results 

of independent investigations by 
18 laboratories on a method of test- 
ing certain stainless steels for their 
ability to resist corrosion penetra- 
tion. This method of testing was pro- 
posed by M. A. Streicher of E. I. du 
Pont de Nemours and Co., Inc., 
Wilmington, Del., in his paper, 
“Screening Stainless Steels From the 
240-Hour Nitric Acid Test by Elec- 
trolytic Etching in Oxalic Acid”, 
A.S.T.M. Bulletin, February 1953, 
p. 35. The cooperative testing pro- 
gram was conducted under the aus- 
pices of Subcommittee IV on Meth- 
ods of Corrosion Testing of A.S.T.M. 
Committtee A-10 on Iron-Chromium 
and Iron-Chromium-Nickel Alloys. 

At the request of F. L. LaQue, 
chairman of A.S.T.M. Subcommittee 
IV, the Engineering Research Labo- 
ratory of E. I. du Pont de Nemours 
and Co., Inc., supplied each of the 
18 laboratories with seven specimens 
(Continued on p. A-178) 


*Digest of “Results of Cooperative 
Testing Program for the Evaluation 
of the Oxalic Acid Etching Test”, 
by M. A. Streicher, A.S.T.M. Bulle- 
tin, January 1954, p. 63 to 67. 
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PROL DU cTS 


PRODUCT TYPICAL COMPOSITION APPLICATIONS PRODUCT TYPICAL COMPOSITION APPLICATIONS 
ALUMINUM ALLOYS SILICON ALLOYS (continued) 
Alsifer Aluminum Se 20% Used principally asa steel deoxi- 75% Grade Silicon 74.79% For high content silicon steels 
Silicon 40% dizer and for grain size control. 80 85% Grade Silicon 80 84.9% For high silicon addition to steel; 
Iron 40% 85 90% Grade Silicon 85 89.9% for slag bene and graphiti- 
23: , zation of iron; ak mag- 
39% grades. 90 95% Grade Silicon 90.95% 
rages 
' Silicon Metal Silicon min. 96% For making aluminum, other non- 
Silicon Aluminum Silicon. 5 to 20% For sand, permanent mold and ferrous alloys and silicones 
—— SPECIAL FOUNDRY ALLOYS 
Titanium Titanium 234 > and 5% For grain refinement and im- : 
Aluminum Aluminum Bal. Proved physical properties of Graphidox No. 4 Silicon 48.52% Graphitizer for high strength cast 
commercial aluminum alloys. Titanium 9 11% irons: reduces chill; supplemen- 
Vanadium Vanadium 22 =,5,10% For control of thermal expansion, Calcium 5 71% tary deoxidizer for cast steel 
Aluminum Aluminum Bal. electrical resistivity, and grain 
size of commercial aluminum Noduloy Alloys Magnesium. 16.5% alloys tor 
BORON ALLOYS (Various Types) of ken. 
Ferroboron Boron 14, 18% For adding boron to steels and iron Bal. 
Carbon .. 1.50% irons. V-5 Foundry Alloy Chromium 38 42% To reduce chill and increase 
Silicon max. 5.00% Silicon 17 19% strength and hardness of cast 
Aluminum max. 0.10% Manganese 
Vanadium Grainal Vanadium 25.00% — 
No. 1 Aluminum 10.00% TITANIUM ALLOYS 
Titanium 15.00% i i 
Ferrotitanium Titanium 15 18% To control rimming action and 
Boren 0.20% ona High Carbon Grade Carbon 6 8% sect 
Grainal No. 79 Aluminum 13.00% ing the capacity of steels to é 
Titanium 20.00% harden, and for a other Medium Carbon Titanium 17.21% = To deoxidize and to add titanium 
Zirconium. 4.00% engineering end physi-' Grade Carbon 34.50%, 10 killed steels 
—- 4 Low Carbon Grades Titanium 20/25% Carbide stabilizer in high chro 
25% Titanium Carbon. max. 0.10% mum ately of 
Silicon... max. 4.00% Sconidicer for some 
CHROMIUM ALLOYS Aluminum max.350% 
Hexagonal. Weigh ap- a 27/32% Titanium Titanium ...27/32% Alloy of high titanium-to-olumi- 
3% Ib.. for adding ferrochromium to the (Various Types) Carbon ..max. 0.10% 
Briquettes ? Ib. of chromium. cupola. Silicon . .max. 4.00% stainless and heat-resistant steels. 
and 5.00% 
High Carbon Grade Chromium... .66,70% For wrought constructional steels Al 15 
Carbon 4.6% and steel and iron castings. . 
Iron Found de Chromium. ...62/66% For alloyed cast irons. Ladle addi- — Carbide stabili n high chro- 
Grade Carbon....... 46% tion readily soluble at lower tom- 40% Titanium olen 
Silicon Silicon max, 4.00% 
Low Carbon Grades Chromium... .67/72% For low carbon chromium steels, Aluminum max. 8.00% 
Carbon 06%, .10%, especially those with high chro. 
15% 20%. 50%. mium content, such as stainless VANADIUM ALLOYS 
1.00% 2 00% ' steels and heat-resistant types. 
and ¢. max. Ferrovanadium Vanadium 38 42% 
Exlo Chromium. 67:72% A special extral low carbon ferro- lron Foundry Grade Silicon 711% wes 

Mox..025 Carbon. max. 0.025% chromium Carbon. about 1% of machina. 

Carbon Grade max. 1. Grade A Vanadium 50 55% For low vanadium steels and 
steels, heat resistant and alloy Carbon max. 3.00% 

M 06 67/72 Grade B (Crucible) Vanadium 50,/55% For tool steels and other high 
OX.. hromium % _special low carbon ferrochro- Silicon max. 3.50% vanadium steels requiring a limi- 
Carbon Grade Carbon. max. 0.06% mar” Carbon." mar. 

Grade C (Primos) Vanadium 50, 55% for, mating the highest venedivm 
Low Carbon Ferro- Chromium 39, 42% Used in stainless steels to reduce Sil 
Carbon... max. 0.05% | % 
Experimental Chromium 48 52% For simultaneous addition of Metal 

Silicon Alloy Carbon... max. 1.50% ond com iron. 

SILICON ALLOYS 199.7% Grade Vanadium 99.7% Principally on the 
properties of pure alloys 
Ferrosilicon Two sizes, both cylin- A practical and convenient form YWanadium V205........ 88.92% A source of vanadium in basic 
Bri tt drical. The smaller con- pon es ferrosilicon to the Pentoxide, Tech. electric furnace steels. A base for 
riquettes tains 1 Ib. of silicon: the vpo Seen Geom numerous chemical compounds 
larger, 2 Ibs. of silicon. Beans 

25% Grade Silicon ..... 22/26% To deoxidize open hearth steels Air-Dried Form = V205.... 83/85% Base for chemical compounds 

and add silicon to cast iron, Ammonium Meta NH,VO; min. 99% 
50% Grade Silicon 47/52% silicon 10 Vanadate, Tech. unds a 
Silblok 25 & 50 Same as above Blocking grades especially proc- 

sed ive high density, i-: 

form analysis, greater cleanliness | Also special alloys, chemicals and metals of Aluminum, 

65% Grade Silicon....... 62/67% For deoxidation and for addition | E 


VANADIUM 


Corp 


LEXINGTON AVENUE, NEW YORK 17, N. Y, 


of silicon to high silicon steels. 


OR 


CH ICAGO_ 


Chromium, Silicon, Titanium and Vanadium. 


\TIO? 


ON 0! 


ERICA 


‘CLEVELAND PITTSBURG 


/ 
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More Pumps 
Pick From 


Kinney offers you the big line of vacuum 
pumps — four Compound Models . . . 
nine Single Stage Models. Whatever 
your vacuum processing problem, you 
will find it pays to consult with Kinney. 


Compound Vacuum Pumps 
THEO. MOTOR FORMER 
MODEL NO. H.P. MODEL NO. 
KC-2 2.0  CVM 3153 
KC-5 49  CVM 3534 
KC-15 52 5- 6 
KC-46 40 863 CVM 6-10 


Single Stage Vacuum Pumps 


KS-13 13.0 “a VSM 5- 5-6 
KS-27 27.0 1% VSM 7-7-8 
KS-47 468 2 VSD 8- 8-11 
KD-110 110 5 DVD 8- 8-10 
KOH-130 5 DVH 8&- 8-10 
KD-220 218 10 DVM 12- 8-14 
KD-310 31 15 DVD 14- 9-18 
KD-485 486 25 DVD 14-14-18 
KD-780 780 40 DVM 18-14-20 


For complete information on Kinney 
Compound and Single Stage Vacuum 
Pumps, and on the new two-stage 
Mechanical Booster Pump, write Kinney 
Mfg. Division, today! Our district offices 
are staffed with competent vacuum 
engineers, ready to assist you. 


THE WEW YORK AIR BRAKE 
3634 WASHINGTON STREET BOSTOM 30 MASS 
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Etching Test . . . 


(Continued from p. A-176) 
in duplicate of Types 304 and 316 
mill annealed, 304, 304 L (low car- 
bon) and 316 annealed and sensi- 
tized by heating 1 hr. at 1250° F. 
followed by a water quench. Testing 
consisted of: 

1. Boiling nitric acid tests on all 
seven specimens. 

2. Electrolytic etching tests on the 
seven duplicate specimens with 
preparation of seven micrographs. 

The proposed method is intended 
for use as a screening method to sub- 
stitute for the boiling nitric acid test 
for corrosion resisting steels, Speci- 
A 62, A.S.T.M. 
1952, Part 1, p. 998. 

This test consists of five separate 


Standards 


boiling periods, each of 48 hr. dura- 
tion, with drying and weighing at 
the end of each 48 hr. 
stances the 
testing to be stopped after a mini- 
mum of 3 periods of 48 hr. From 
these tests calculations of corrosion 
rates in inches penetration per month 


In some in- 
specification permits 


are made. Elaborate precautions 
must be taken to have uniformly 
representative samples free of sur- 
face contaminants and with a uni- 
form condition of surface finish. 

In the oxalic acid test the speci- 
men is merely given a reasonably 
good metallographic polish and the 
polished surface is etched at room 
temperature in a 10% (by weight ) 
solution of oxalic acid for 1% min. 
using a current density of 1 amp. 
per sq. cm. For the sake of repro- 
ducibility the conditions of the test 
should be precisely controlled. Pho- 
tographs are made at a magnifica- 
tion between 250 and 500 and the 
photomicrographs of the etched 
structures are then evaluated accord- 
ing to the following criteria: 

1. Step structure — steps only at 
the grain boundaries. 

2. Ditch structure — one or more 
grains in a given field completely 
surrounded by ditches. 

3. Dual structure —a 
tion of the above two. 

Materials showing step or dual 
structure are assumed to have a rate 

(Continued on p. A-180) 


combina- 


(slotted, Phillips, socket, 
head), bolts, nuts, washers, 
rivets, keys and pins a 


All types and sizes of screws 


livery from one source 


speed and quolity 


specials 


for consultation 


© Pioneers in the ture of 


fasteners 
WRITE NOW FOR FREE COPY OF 
FASTENER MANUAL P29 
MANUFACTURERS SINCE 


SCREW PRODUCTS COMPANY, INC. 
NEW YORK 


GARDEN CITY 


Over 9000 items in stock means immediate de- 
@ New Garden City plant now operating at top 
@ Unsurpassed facilities for quantity fabrication of 
®@ A staff of seasoned engineers always available 
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THE STEEL IMPROVEMENT 
& FORGE COMPANY 


and its newly procured 
CHAMPION DIVISION /s... 


to Perform 


We welcome the challenge of 
: working with our customers in 
producing intricate shaped pieces 
forged of hard-to-work metals 


<= 
INCREASED CAPACITY 


This company now is one of the largest 
commercial shops in the U.S. A. with 
our recently acquired facilities of the 
Champion Division in Cleveland. Big 
forgings weighing a ton can be forged 
to exact shape. 


THE STEEL IMPROVEMENT & FORGE COMPANY 


970 East 64th Street, Cleveland 3, Ohio 


NE of our recent developments is an exclu- 

sive method for forging TITANIUM which 
eliminates the hard oxide “skin effect”. This 
offers a considerable saving on machining costs, 
and enhances the ductility of the finished 
forging. Where the design permits, it is now 
possible to produce precision forged compon- 
ents of Titanium. 
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Etching Test .. . 


(Continued from p. A-178) 

of corrosion penetration which is 
less than the maximum permissible 
rate for the type of steel, while those 
showing ditching will be assumed 
to have a failing rate under the 
standard practice tests. 

There agreement 
among the cooperating laboratories 
in the interpretation of clear-cut step 


Was complete 


or ditch structures but there was 
some disagreement in interpreting 
the dual structures. (The photo- 
micrographs reproduced with the 
report seemed to this reviewer to be 
easy to evaluate.) It appears that 
ditching would be closely associated 
with susceptibility to grain-boundary 
attack. In only one instance (Type 
316) would the procedures as ap- 
plied have resulted in the release of 
a steel which had a penetration rate 
higher than that allowed in the 


LESTER-PHOENIX 


DIE CASTING MACHINES 


FOR ZINC 
The Famous 


SELF-ALIGNING ZINC END 


Requires only one adjustment 
for rapid, accurate set-up, 
trouble-free maintenance. 


FOR ALUMINUM 
The Famous 


PRE-FILL INJECTION SYSTEM 


Gives unusual combination of 
high injection speeds and high 
final squeeze on metal. 


ONE-PIECE CAST STEEL FRAMES 
CENTRAL DIE-HEIGHT ADJUSTMENT 


and many other exclusive features which give 
you the competitive advantage you are seeking. 


STER-PHOENIX DIE CASTING MACHINES 


Distributed by LESTER-PHOENIX, INC. 


2704 CHURCH AVENUE 
CLEVELAND, OHIO, U.S. A. 
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specifications. With reference to this 
steel, Dr. Streicher comments that 
its acceptance should be limited to 
specimens showing step structure 
only. This would have avoided the 
erroneous acceptance of the above 
specimen. From the summary of the 
boiling nitric acid tests the variation 
in results was nearly tenfold between 
two observers on a single specimen 
not passing the test. The range in 
corrosion rate for this specimen was 
from 0.0205 to 0.00268, both values 
being above the acceptance level 
of 0.0015 in. per month. 

Conclusions — There was com- 
plete agreement among the 15 par- 
ticipants that five of the seven speci- 
mens would have passing corrosion 
penetration tests and that the other 
two specimens would have failing 
rates based on the oxalic acid screen- 
ing procedure. The validity of these 
screening procedures was checked 
by actually making the boiling nitric 
acid test and tabulating the results. 

Steels showing a step or dual 
structure will have a corrosion pene- 
tration rate less than that specified 
for the boiling nitric acid test and 
need not be subjected to the 240-hr. 
test, except Type 316 steel. Speci- 
mens which show ditching all the 
way around one or more grains in 
a given field should be subjected to 
the boiling nitric acid test. 

The application of the oxalic acid 
electrolytic etching test would elimi- 
nate the necessity for the 240-hr. 
test with boiling nitric acid in a large 
percentage of the specimens exam- 
ined. There appears to be little 
chance of material being accepted 
which would show excessive weight 
loss on the long test. 

Roy L. ANDERSON 
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LIGHT, STRONG AND CORROSION-RESISTANT 


IF YOU DESIGN, 


@ AIRCRAFT PARTS—cowlings, ducts, structural 
parts, fire walls, power plant components, fas- 
tenings and fittings. 


@ MARINE EQUIPMENT — condensers, heat ex- 
changers, mufflers, metering equipment, valves, 
pumps, trim and hardware. 


EGIN planning now to improve your present and 

future products with the many advantages of tita- 
nium and titanium alloys. Made from titanium sponge— 
pioneered commercially by Du Pont—these new ma- 
terials of construction have very high strength to weight 
ratios . . . excellent corrosion resistance and greater 
ability to stand elevated temperatures than aluminum 
or magnesium. 


Start your own evaluation tests now and be prepared 
for the day when titanium is available for expanded 
civilian use. Although Du Pont is a prime producer of 


MAKE OR USE: 


@ INDUSTRIAL EQUIPMENT—textile shuttles, 
spindles, chemical processing, refinery equipment, 
instrument parts, food processing and handling. 


@ FERROUS & NON-FERROUS ALLOYS which 
require a grain refiner, hardening agent, carbon 
stabilizer. 


titanium metal in sponge form only, we can recommend 
manufacturers who may be able to supply fabricated 
and semi-fabricated forms of titanium and titanium 
alloys for commercial evaluation. 


As a pioneer in the field we are in a unique position to 
supply you with valuable information on properties, 
applications and processing of this new structural ma- 
terial. Just let us know what applications for titanium 
you have in mind, Call or write: E. I. du Pont de 
Nemours & Co. (Inc.), Pigments Department, Wilming- 
ton 98, Delaware. 


TITANIUM SPONGE 


REG. U.S. pat. OFF. 


BETTER THINGS 


PIONEERED COMMERCIALLY BY DU PONT 


FOR BETTER LIVING... THROUGH CHEMISTRY 
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with the 


DIRECT READER 


permits users to say: 


. . . production figures for a typical month with chemical 
methods have shown that 19,364 analyses would require 
2529 man hours. With the Direct Reading Spectrometer 
the same number of analyses are turned out in 500 man 
hours. We save over 2000 man hours per month.” 


“We control 9 open hearth furnaces including at least 3 
preliminary tests as well as final tests for each heat. Under 
favorable conditions we could double this load with the 
same laboratory force, using the Direct Reader.” 

“|. residuals are determined in duplicate on the Direct 
Reader in 7 minutes including sample preparation time. On 
some grades of steel we analyze for zirconium which is a 
four-hour determination chemically. On the Direct Reader 
it can be determined along with the other elements with 
no increase in time.” 

“in using Direct Reader to cover 8 elements in each of 
5 matrices for a little over a year we find we have been 
able to assign 2 chemists to other laboratory work, reduce 
the time of analysis 1300% and increase the quantity of 
analyses by 200%.” 


. . conservation of time is the greatest centribution of 
the Direct Reader and our production figures by various 
methods would read like these: 

wet chemical analysis, 

determinations per operator per hour....... 8 
spectrographic analysis, 

determinations per operator per hour....... 49 
spectrometric analysis, 

determinations per operator per hour....... 76” 
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Baird Associates, Inc. 


JF University Road, 
Cambridge 38, Massachusetts, U.S.A. 


Deoxidation of Iron 
by Silicon* 


HE PROCEDURE used in this study 

of the effect of silicon additions 
to pure iron was to melt 18 heats of 
iron of about 300 to 400 g. each in 
sintered alumina crucibles in an 
evacuated high-frequency furnace. 
To each melt a fixed addition of 
oxygen was made by placing a 
weighed quantity of ferric oxide in 
a plugged hole at the base of the 
iron charge. After melting, granular 
silicon of high purity (0.032% in- 
soluble content, 0.025% Al, 0.045% 
Ca) contained in a small capsule of 
iron sheet was added by means of 
a magnet from a side arm in the 
furnace superstructure. 

The temperature in the melt was 
not permitted to rise above 2900° F. 
Sufficient time was allowed for the 
silicon addition to become thorough- 
ly mixed with the iron, the power 
was switched off, and the mold was 
solidified and cooled under vacuum. 

A microscopic examination was 
made of a complete longitudinal 
half-section of one of the ingots in 
which large additions of oxygen and 
silicon were made, to determine the 
segregation of the inclusions. A gross 
segregation of inclusions was found 
in the top of the ingot and this was 
removed prior to subsequent exami- 
nation; the remainder of the surface 
was thoroughly filed to remove any 
refractory and oxide coating. 

The ingots were then quartered 
longitudinally and samples were 
taken as follows: (a) cylindrical 
pieces for vacuum fusion analysis 
from the center of the ingot; (b) 
slices 1 mm. thick for alcoholic 
iodine extraction (one 10-g. sample 
for X-ray examination and two 10-g. 
samples for chemical analysis of the 
residue); (c) millings for chemical 
analysis of silicon. 

The nonmetallic residue obtained 
from the iodine extractions was 
analyzed for SiO,, FeO and Al,O, 
and the percentage of oxygen in 
each of these oxides was tabulated. 
The total oxygen obtained from the 
vacuum-fusion analysis is also shown, 

(Continued on p. A-184) 
*Digest of “Studies in the Deexi- 
dation of Iron; Deoxidation by Sili- 
con”, by E. Li. Evans and H. A. 
Sloman, Journal of the Iron and 


Steel Institute, November 1952, p. 
296-300. 
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To seal Freon gas under pressure was a headache 
for one concern until they turned from washers 
made from porous sand castings to the use of 
leak-proof Non-Gran Spun Centrifugal Castings. 
Rejects dropped from a costly 357 to practically 
nil. After four years the company continues to 
use Non-Gran Spun Centrifugal Castings. Take 
advantage of their greater resistance to wear, 
fatigue, shock and abrasion to lower your costs, 
improve your product. Request booklet, write: 
American Non-Gran Bronze Co., Berwyn, Pa. 


Metropolitan Phila., on the Pennsylvania R.R. mainline 


CENTRIFUGAL 
CASTINGS 


LOVEJOY 


& COMPANY. ING 


UP-TO-THE-MINUTE 
ALLOY 


STEELS 


For over a century, Wheelock, Lovejoy & Company, 
Inc. has concentrated on the development of alloy 
and special steels with properties to meet individual 
needs. Today, WL has seven strategically located 
warehouses where you can get immediate delivery 
on any of the HY-TEN steels which have been devel- 
oped by WL for unusual applications, plus many 
standard SAE and AISI grades. Every WL warehouse 
can supply these steels in rounds, squares, flats, 
hexagons, octagons, billets and forgings — every 
warehouse is staffed with expert metallurgists who 
are ready to assist you. Call on them. 

Write today for your FREE COPIES of Wheelock, Lovejoy 
Data Sheets, indicating your title and company identification. It 


contains complete technical information on grades, applications, 
physical properties, tests, heat treating, etc. 


WHEELOCK,” 


134 Sidney St., Cambridge 39, Mavs. 


Refractory Graphite 


Let us fill your requirements for properly 
graded Flat and Round Graphite stock used in 


Technical Assistance Available 


Technical assistance in the selection, 
application and development of proper 
grades for the many uses of refractory 
graphite is readily available. An exam- 
ple of the developmental work we are 
doing with manufacturers is our coopera- 
tion in the casting of steel freight car 
wheels. Your inquiry will receive our 


prompt attention. 


— Great Lakes Carbon Cor poration 
Sales office: Niagara Falls, N. Y. Other offices: New York, N. Y., Oak Park, IIl., Pittsburgh, Pa. 


Sales Agents: J]. B Hayes, Birmingham, Ala 


High quality GLC GRAPHITE MOLD STOCK is characterized by its 
ability to withstand extremely high temperatures, resistance to 
thermal shock, high thermal conductivity, low thermal coefficient 
of expansion and inertness to many molten metals and slags. 
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ELECTRODE DIVISION 
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PRECISION af 


measurement 
and control 


GORDON 
XACILINE 


Controls tempera- 
ture automatically 
within a fraction of 
a degree in any heat proc- 
ess. A complete factory-assembled unit 
ready for installation anywhere. Can be 
used with any existing indicating or re- 

cording pyrometer controller 
—regardless of age. 


GORDON 
XAC|EMP 


Hand Pyrometer 


A quality-built, conven- 
ient instrument for quick, 
accurate temperature read- 

ing in molten nonferrous 
metals. Also, other models 
of Xactemp for all-around 
temperature checking. 


GORDON 


SERVRITE 


Thermocouple Wire 
Thermocouple Extension Wire 


Insulated in Gordon’s own plant 
to assure consistent quality. 

All standard wire and insulations 
carried in stock for quick delivery. 
Other wires, in long or short runs, 
manufactured to specifications. 


Full Particulars on Request 


GORDON: 
SERVICE. >: 


CLAUD S. GORDON CO. 


Manufacturers Engineers Distributors 
Temperature Control Instruments « Thermocouples & 
Accessories @ Industrial Furnaces & Ovens @ Metal- 

lurgical Testing Machines 
Dept. 15 © 3000 South Wallace S$t., Chicago 16, Ill. 
Dept. 15 © 2035 Hamilton Ave., Cleveland 14, Ohio 
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Deoxidation . . . 


(Continued from p. A-182) 

the total oxygen in the oxides of the 
residue and the difference between 
these assumed to be oxygen in the 
melt. The total silicon content of 
the sample minus the silicon in the 
SiO. of the residue gives the total 
silicon in the melt. The melts of the 
first 12 heats had less than 0.10% Si. 
The remaining heats had silicon ad- 
ditions giving a residual silicon vary- 
ing from 0.26 to 0.55%. 

The nature of the deoxidation 
products was determined by X-ray 
diffraction studies of the extraction 
residue and by microscopic exami- 
nation of the metal. When the silicon 
content was less than 0.10%, it was 
found that the inclusions consisted 
of mixtures of FeO and SiO, with 
varying amounts of wiistite (FeO) 
and fayalite (2FeO.SiO, ); the melts 
containing over 0.10% silicon invari- 
ably contained inclusions which con- 
sisted of pure SiO,. This interesting 
observation seems to indicate the 
reason why so many of the semi- 
killed steels contain less than 0.10% 


silicon and also demonstrates why 
silicon additions greater than 0.10% 
cause surface difficulties in the roll- 
ing of steel which is deoxidized only 
with silicon. 

The calculated oxygen in each of 
the melts is plotted against the resi- 
dual silicon in the melt for compari- 
son with the silicon-oxygen equi- 
librium curve reported by Gokcen 
and Chipman. All of the points re- 
corded from data for these tests are 
below the equilibrium line shown by 
Gokcen and Chipman in their pub- 
lished curves. 

The conclusions of the authors 
are that the principal product of the 
deoxidation of iron by silicon, when 
silicon is in stoichiometric excess of 
oxygen, is practically pure silica. As 
the residual silicon content of the 
iron decreases below 0.10%, the 
slag phase with which the iron is 
in equilibrium increases in iron 
oxide content. 

No difficulties were encountered 
in the use of the alcoholic iodine 
extraction method for the isolation 
of the inclusions formed in the melt 
by deoxidation with silicon. 

E. C. Wricut 
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WORTH BROS., INC. 
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To Provide Accurate 
Control of Heat and 
Get Dependable Results 


HAUCK 
BURNERS 


and Auxiliary Equipment 


for Oil, Gas, or 
Combination Oil and Gas 


54 Years of “Know-How” 
in Development and Improvement 
of Combustion Equipment 
for Metal Heating Operations 


LET US 
HELP SOLVE 
YOUR 
PROBLEMS 


As an aid to plant engi- 
neers and production men 
concerned with metal 
heating processes, this 
book —Hauck Industrial 
Combustion Data’’— pre- 
sents practical informa- 
tion on the proper selec- 
tion, installation and 
operation of combustion 
equipment. Write us on 
your firm's letterhead, 
about a complimentary 
copy. 


Combustion Engineers * Manufacturers af 
Oil and Gas Burners and Equipment 


148-158 Tenth Street + Brooklyn 15, N. Y. 


J.P. DEVINE MFG. CO. 
49th Street and A.V.R.R. 


AM. Cox, President 
Pittsburgh 1, 
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HARPER ELECTRIC FU RNACE 


Senviteg Industry Over 30 Years 


AUTOMATIC BRIGHT BRAZING 
FURNACE Combines pusher, mesh 
belt and roller hearth with sequence 
of operations automatically timed and 
synchronized. Handles assemblies of 
considerable height. Dry hydrogen 
atmospheres. One-man operation cuts 
production costs. 


28 AUTOMATIC PUSHER TYPE FUR- 

ACE For bright brazing stainless 

using or stainless brazing 

compound. completely  self- 

contained furnace combines quality 
control with minimum attention. 


3 BOX TYPE HEAT TREATING FUR- 
NACE Built in several sizes for an- 
nealing and hardening aluminum and 
aluminum alloys, copper bars, silver 
alloys, carbon steels, alloy steels and 
high speed steels. Maximum tem- 
peratures are 1850F and 2500F. For use 
with controlled atmospheres. 


4 BELL FURNACE For annealing steel, 
copper or brass wire and strip in coils 
or on spools and miscellaneous parts 
in baskets. Also used for nitriding. 


5 MESH BELT CONVEYOR FURNACE 
For continuous production sintering, 
brazing and bright annealing. Pro- 
duces uniform high quality products. 
Automatic operation, parts not sub- 
ject to human error — each part re- 
ceives identical treatment. One-man 


operation. 
2 6 CAR BOTTOM FURNACE For an- ‘ 
nealing and tem — steel stock and 


forgings, annealing and aging iron 
castings, stress ~ 1A of welded 
structures and general heat treating. 
Maximum temperatures 1850F and 
2700F. Car bottom hearth provides 
easy stacking of heavy charges. 
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@ New alloys, new processes, new precision quality 


standards and exacting demands for economy are be- 
ing met with modern Harper Electric Furnaces. Harper 
automatic furnaces are achieving synchronized opera- 
tion of every step from charging, heat treating, cooling 


to discharging. 


Their economies in floor space and man hours are 
integrating Harper Electric Furnaces in the produe- 
tion lines of foremost manufacturers everywhere. 
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Mesh Belt 7 
Pusher Type 

Bell 

Elevator 

Pit 

Car Bottom 

Box 


Continuous Wire and 
Strip Annealer 


Roller Hearth 
Rotary Hearth 


ELEVATOR FURNACE For annealing 
castings, forgings, steel stock, melting 
in crucibles and general heat treating 
Maximum temperature 2850F for ox- 
idizing atmosphere and 2450F for hy- 
drogen atmosphere. Elevator type car 
hearth tacilitates loading and un- 
loading. 


STRAND ANNEALING FURNACE For 
continuous bright annealing of stain- 
less steel wire and strip in a hydrogen 
atmosphere. Max. temp. 2100F. Uni- 
form quality obtained by maintaining 
precision temperature control 


FOR - 
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PROCESSES 


Continuous Brazing 
Sintering 


Bright Annealing 
Stainless Steel 


High Speed Steel 
Heat Treating 


Billet and Bar Heating 
Annealing 

Melting in Crucibles 
Forging 

General Heat Treating 
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PUSHER TYPE FURNACE For con- 
tinuous heat treating and sintering of 
spec ial alloys in hydrogen atmosphere 
Temperatures up to J000F. 


TYPE PRODUCTION FUR- 

CE For continuous heating of 
Maximum temperature 2500F 
in a controlled atmosphere. Materials 
automatically pushed through fur- 
nace. Used for high production of 
heavy loads at lower operating costs. 
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HARPER ELECTRIC FURNACE CORP., 50 RIVER STREET, BUFFALO 2, N.Y. 
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Stretcher-Strain Marks 
in Al-Mg Alloys* 


—— alloys containing 3 to 
7% magnesium sometimes cause 
trouble during forming because of 
stretcher-strain markings that result 
from the pressing or drawing oper- 
ation. These markings are of two 
kinds: readily visible wedge-type 
marks, similar to Liiders marks on 
steel and called “Type A”; and 
shallow parallel ripples, less appar- 
ent, called “Type B”. By ingenious 
testing techniques, it is possible to 
study each of these kinds of marks 
separately and thus to deduce their 
nature and cause. 

Type A is the more serious defect. 
It occurs in fine-grained, recrystal- 
lized, annealed materials, often in 
regions of very slight strain, and 
appears to be a yield-point effect. 
Stress-strain diagrams of annealed 
commercial sheet containing about 
34% magnesium have a relatively 
large initial yield either at or soon 
after the start of plastic deformation, 
followed by multiple yielding evi- 
denced by a number of smaller steps. 
Tensile test specimens show that 
severity of Type A marking corre- 
lates closely with size of the large 
initial yield; furthermore, that the 
flange of the Erichsen cup speci- 
mens of the same material shows the 
same wedge-type markings. Good 
correlation between _ stress-strain 
curve, Erichsen specimens, and shop 
experience is shown in the follow- 
ing tabulation for four commercial 


aluminum alloys containing 3% 
magnesium, 
ELONGATION AT MARKINGS* 
YIELD A B 
0.35% Slight None 
0.56 None _ Slight 
1.07 Severe Severe 
1.29 Severe Severe 


*A—During normal processing; 
B—in Erichsen test. 

Type A marks do not occur in 
cold worked material, nor in sheet 
with grain size above 0.03 to 0.04 
mm. Even 10% reduction is enough 
to prevent the appearance of Type 

(Continued on p. A-190) 


*Digest of “Yield-Point Phenom- 
ena and Stretcher-Strain Markings 
in Aluminium-Magnesium Alloys”, 
by V. A. Phillips, A. J. Swain and 
R. Eborall, Journal of the Institute 
of Metals, Vol. 81, 1952-53, p. 625 
to 647. 
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Stretcher-Strains . . . 


(Continued from p. A-188) 
A wedge marks, and of the large 
initial yield on the stress-strain curve. 
Type A marks can also be avoided 
by heating to 932° F. and water 
quenching, but reappear if the ma- 
terial is reheated. 

Type A wedge marks are a shear 
mechanism, corresponding to the first 
spread of yielding into undeformed 
grains. Since magnesium atoms are 
large, they collect in the grain 
boundary and stabilize that  struc- 
ture, retarding the spread of yield- 
ing from grain to grain. Cold worked 
material, having already been de- 
formed, does not offer this effective 
barrier to yielding and, therefore, 
does not exhibit the Type A marks. 
The significance of the magnesium 
concentration in the grain bound- 
aries, insofar as large initial yield 
and Type A marks are concerned, 
is shown by tests on material water 
quenched from 932° F. Although 
not cold worked, and of the same 
grain size as before, the quenched 
specimens do not show the large 
initial yield or the Type A marks be- 
cause the magnesium is evenly dis- 
tributed between the grains and the 
grain boundaries. Reheating such 
materials and thus permitting the 
magnesium to concentrate at the 
grain boundaries, brings about their 
reappearance. 

Four methods are suggested for 
the prevention of Type A marks dur- 
ing forming of sheet: 

1. Controlling grain size at 0.04 to 
0.06 mm. (Larger grain size is sub- 
ject to serious “orange peel” defect.) 

2. Overstraining by moderate 
roller-leveling. 

3. Overstraining by heavy roller- 
leveling or light rolling (about 5% 
reduction) followed by a_ non- 
recrystallizing anneal. 

4. Quenching from 932°F. fol- 
lowed by flattening. 

All four of these techniques have 
been found to be effective in com- 
mercial operations. For applications 
where maximum ductility is re- 
quired, such as severe drawing, 
treatments involving overstraining 
followed by a nonrecrystallizing an- 
neal, or quenching from elevated 
temperature followed by flattening, 
are especially recommended. 

Type B markings are not so eas- 
ily seen as Type A wedge-marks, 
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mance, Production and Safety Equipment. 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue, Cleveland 7, Ohio 


and are seldom cause for rejection 
of parts. These appear as shallow 
parallel ripples in highly stressed 
their coincides 
with the numerous small steps in the 
stress-strain curve, while the Type A 
marks correspond to the large initial 
yield. Unlike Type A wedge marks, 
Type B ripples bear no relation to 
the Erichsen test, are not affected by 
grain size, and are found on cold 
worked material as well as on soft 
stock. Type B markings are, there- 
fore, thought to be a strain-aging 
phenomenon. Tests made at lower 
temperatures (—85 and —100° F.) 
are smooth and free from the many 
small steps which characterize the 
Type B yielding and markings at 
room temperature; these 
fainter with decreasing tempera- 
tures and were not visible on the 
100° F, 

Type B strain aging is not a true 
precipitation or age hardening, for 
it does not result in raising the whole 
level of the stress-strain curve. It is 
explained by applying to aluminum- 
magnesium alloys the theory that 
Cottrell proposed for steel — the 
magnesium dissolved in the alumi- 
num, being a substitutional solute in 
a face-centered cubic metal, effec- 
tively blocks the initiation of slip un- 
til a certain stress is exceeded. Since 
Type B marks are shallow they do 
not present a serious defect from 
the production point of view. 
Reseccoa H. 


Alloys for High 
Temperatures” 


investigation was undertaken 
to study the fundamental factors 
responsible for high-temperature 
strength. At the time this program 
was started, one of the best high- 
temperature alloys available was the 
cobalt-chromium base alloy, Vital- 
lium; therefore, the relationship be- 
tween the structure and properties 
was studied for this alloy. Because 
of the complexity of Vitallium, the 
phase relationships in the binary and 
ternary systems had to be studied 


areas; occurrence 


became 


tests made at 


*Digest of “Alloys for High- 
Temperature Service (Investigation 
of the Fundamental Factors Promot- 
ing High-Temperature Strength of 
Alloys)”, by R. L. Beck, E. E. 
Fletcher, A. R. Elsea, A. B. Wester- 
man and G. K. Manning, Battelle 
Memorial Institute, March 1952, 
ATI-166644. 
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Golden protective finish for mag- 
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High Temperatures . . . 


(Continued from p. A-191) 
before starting a structural analysis. 

The cobalt-chromium binary sys- 
tem and the effects of ternary addi- 
tions, such as nitrogen, iron, nickel, 
molybdenum, and tungsten, were 
studied by metallographic and X-ray 
diffraction techniques. It was found 
that the phases pertinent to Vital- 
lium were alpha, beta and gamma 
phases. The alpha phase is the high- 
temperature modification of the co- 
balt-rich terminal solid solution and 
has a face-centered cubic lattice. The 
alpha phase transforms on cooling 
to the beta phase which has a hex- 
agonal close-packed lattice. 

Examination of the binary dia- 
gram developed by the authors indi- 
cated that the addition of chromium 
to cobalt raised the temperature 
range for the alpha-beta transforma- 
tion. The single beta phase occurs 
in a narrow band 45 to 93° F. wide. 
Below this band of beta, gamma 
phase was precipitated. The gamma 
phase is a brittle intermetallic com- 
pound of cobalt and chromium, 
Co,Cry, having a complex crystal 
structure. The additions of nitrogen, 
iron or nickel lowered the alpha-beta 
transformation temperature range. 
The addition of tungsten had little 
effect on the alpha-beta transforma- 
tion temperature range, but it did 
raise the temperature at which gam- 
ma phase started to precipitate. 
Additions of molybdenum raised the 
temperature range for the alpha-beta 
transformation and the temperature 
at which gamma phase started to 
precipitate. 

The minor phases in Stellite No. 
21 (Vitallium) were identified as 
gamma phase (Co,Cr,), chromium 
carbide (Mz3C,), a complex double 
carbide (MgC) and a simple chrom- 
ium carbide (Cr;C,). The upper 
limit of the alpha-beta transforma- 
tion in Stellite No. 21 was about 
1830° F. Because of the sluggish re- 
actions, the lower limit of the range 
was not determined but was esti- 
mated to be about 1290° F. 

In the cobalt-chromium binary 
alloys, some of the alloys had a lower 
creep rate at higher stresses at a 
given temperature. This was attri- 
buted to the strengthening effect of 
the smaller gamma particles pre- 
cipitated at high stresses. The tests 
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also showed that a higher prestress 
at a given temperature resulted in a 
lower creep rate; this may have been 
influenced by the precipitation of 
submicroscopic particles. The pre- 
cipitation of submicroscopic particles 
would also account for the contrac- 
tion that was frequently observed 
just prior to second-stage creep. In 
the creep-rupture tests, an increase 
in chromium, carbon, or nitrogen in- 
creased the creep resistance at all 
temperatures tested. The alpha and 
beta phases had about the same 
strength but a mixed alpha-beta 
structure was weaker. 

Creep-rupture tests of Stellite No. 
21 at 1500° F. showed that the as- 
cast material was stronger than the 
homogenized or the homogenized 
and aged material. The strength of 
the as-cast material was improved 
by aging. The homogenized material 
decreased in strength when aged at 
1335° F., although this aging treat- 
ment resulted in an increase in hard- 
ness. Variations in carbon, nickel or 
molybdenum had little effect on the 
aging characteristics. 


R. E. Locuen 


Protective Behavior 
of Paint Primers 


A COMPARISON was made of the 

behavior of four pigments when 
used in a primer coat for aluminum, 
magnesium alloys and mild steel. 
Comparison was based on the rela- 
tive protection from corrosion of un- 
treated metal panels and chromated 
metal panels when coated with 
primer alone and also coated with 
primer and finish coat. The four 
pigments were red lead, iron oxide, 
zinc chomate, and zinc tetroxy- 
chromate. Each pigment was incor- 
porated into a varnish made with a 
phenolic resin and a combination 
of linseed and oiticica oils to produce 
the four primers. Two types of finish 
coats were used; one was based on 
an oil-modified alkyd resin and the 
other on a nitrocellulose-alkyd resin 
combination. The finish coats were 


*Digest of “Priming Paints for 
Light Alloys”, by J. D. Rigg and 
E. W. Skerrey, Journal of the Insti- 
tute of Metals, Vol. 81, 1952-53, 
p. 481-489. 


pigmented with aluminum powder. 
The metals tested conformed to 
the following specifications: 

Aluminum: 0.24 Si, 0.31 Fe, 0.008 
Cu, 0.008 Mn, 0.010 Zn. 

Aluminum, B.S.S. 5L3: 0.54 Si, 
0.40 Fe, 3.95 Cu, 0.59 Mn, 0.018 
Zn, 0.60 Mg. 

Magnesium (high purity), D.T.D. 
120a: 0.006 Si, 0.0005 Fe, 0.006 
Cu, 0.42 Mn, 0.93 Zn, 6.10 Al. 

Magnesium (normal purity), 
D.T.D.118: 0.005 Si, 0.021 Fe, 
0.004 Cu, 1.54 Mn, 0.005 Zn. 

Magnesium (normal purity), 59a: 
0.010 Si, 0.022 Fe, 0.002 Cu, 0.28 
Mn, 0.59 Zn, 7.70 Al. 

Magnesium (high purity), 59a: 
0.010 Si, 0.0010 Fe, 0.002 Cu, 0.18 
Mn, 0.58 Zn, 7.83 Al. 

Mild steel: 0.16 C, 0.040 S, 0.26 
Mn, 0.027 P, 0.01 Si 

The uncoated and coated metal 
panels were exposed under the fol- 
lowing four conditions: accelerated 
tests, marine conditions, industrial 
conditions, and rural conditions. The 
panels were examined after exposure 
for six months and again after ex- 


posture for 3% years. The present 
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paper gives the results from the 3% 


years’ exposure; the six months’ test 
was reported previously. 

Since the principal object of this 
work was to compare the four pig- 
ments for use in metal primers, no 
mixtures with extender pigments 
were used, (In actual practice it is 
often customary to add an extender 
pigment, such as magnesium silicate, 
to reduce the gloss on the primer so 
as to promote better adherence be- 
tween primer and finish coats.) Since 
no extender pigments were used in 
these tests, the primers based on zinc 
chromate, zinc tetroxychromate, and 
iron had higher than normal gloss 
and showed flaking of the finish coat 
to various degrees after exposure. 
There was practically no flaking over 
the red lead primer because this had 
a dull or matte finish. 

Rapid failure of the red lead prim- 
ers occurred over aluminum and es- 
pecially over the magnesium alloys 
(about six weeks under marine con- 
ditions) which provided further evi- 
dence that red lead should not be 
used in primers for light metals. In 
the presence of moisture a chemical 
reaction occurs between the red lead 


and the light metal that reduces the 
red lead and disrupts the coating. In 
view of this situation the red oxide 
primers were greatly superior to red 
lead primers on light metals. They 
gave good protection as long as the 
films were intact, but they did not 
inhibit corrosion if the film was dam- 
aged in any way. The best protection 
was obtained with primers contain- 
ing zinc chromate or zinc tetroxy- 
chromate. These pigments have cor- 
rosion inhibiting properties on light 
metals and steel; therefore, they pre- 
vent the spread of corrosion under 
the coatings at breaks or damaged 
locations. The results indicated little 
or no difference between zinc chrom- 
ate and zine tetroxychromate for use 
in corrosion inhibiting primers. 
Both types of zinc chromate were 
found to be slightly better than red 
lead in primers on mild steel. The red 
oxide primer gave good protection 
but did not inhibit corrosion where 
the film was broken. For composite 
structures of steel and light alloys, 
the zinc chromate or zine tetroxy- 
chromate primers were preferred. Jt 
was suggested that the red oxide 
primer may be suitable under con- 


ditions of mild exposure. It is also 
possible that combinations of the 
zinc chromate pigments and red 
oxide pigments would be satisfactory 
and effect an economy in cost. 

It was observed that the alkyd 
resin finish coat showed less tend- 
ency to flake than the nitrocellulose 
finish from the primer coat. As indi- 
cated previously, improved adher- 
ence would have been obtained if 
the primer had had less gloss. 

A comparison of the satisfactory 
paint systems on steel and the light 
metals showed better durability and 
less corrosion on the light metals. 
This comparison excluded the red 
lead primer systems on light metals 
because it should not be used for 
these. As may be expected the ac- 
celerated test with sea-water spray 
and the marine exposure were the 
most severe conditions of exposure. 
However, the results indicated that 
satisfactory paint systems may be 
formulated for light metals which 
show only slight corrosion after 3% 
years of exposure. The same paint 
systems on steel showed equal cor- 
rosion in from one to two years. 

H. F. Payne 
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piled and written by 68 of the ri Society for Metals, 
more than 500 ee engineers were hand aha’ by the Society as the 


Furnaces 
and 
Kilns 
Performance— 
Proved for Years 


Pereco Electric Furnaces 


the men to write the most euthoriteti have proved themselves for 
ence on metals, meta years in production, pilot 
book they is the. Metals Handbook. plant and laboratory use -for the 
ng, forming, heat treatin , welding, machining, foundry work cleaning, leading names the industria! 
shaping, testing, and research All metals, and scientific world. Proved 
all are included. The 64-page index and 4-page section on from every angle... in accur- 
how to use the book make it easy for any reader to fi what he wants. acy of temperature control—de- 
er 40,000 copies of this edition ere now in use by engineers, metal- pendable long service life—eas 
designers, production men, executives, purchasing agents and others j 9 
The price is $15.00. Second copy to ASM members, $10.00. freedom from fire and explosior 
hazard. All sizes, equipped with 
American Society for Metals, Room 910 ; 
7323 Euclid Ave., Cleveland 3, Ohio 
or a! 'pper ft vical of th Series Labo 
Rush me a copy of the Metals Handbook. Furnaces to Kilns offe 1 ye atremels flexible fring cyclo wit 
5000° F. normal operation up to 2700° F. Choice of sises 
— and controls. Factory wired for Ry: use. 
Lower Right: A Model FG-430 General Purpose Heat 
Compeny EREN Treating Furnace for use through full re 
EQUIPMENT needa including high speed steels, Choice x 
Sittin range of controls in handy separate panels. 
Senn Stete Pereny Equipment Co. 
(1 Check or money order enclosed. [) Bill me Dept. 9, 893 Chambers Rd., Columbus 12, Ohio 


UNITRON 


METALLOGRAPH 


and Universal 
Camera Microscope 


VISUAL OBSERVATION, MEASUREMENT, and PHOTOGRAPHY 
OPAQUE and TRANSPARENT SPECIMENS 
BRIGHT FIELD, DARK FIELD, and POLARIZED ILLUMINATION 


For hardly much more than the cost of a conventional metallurgical 


microscope, your laboratory can enjoy the convenience and features 


of a research metallograph. 

Revolving nosepiece with 5 objective lenses, 4 photographic e 

3 visual eyepieces. Coated optics. Magnification range: 25-2000%. 

Compact and entirely self-contained with built-in 3's" x 4's" camera, 

high-intensity illuminator, voriable transformer. 

The image is automatically in focus in the comerao—transition from ob- 

servation to photography is instantaneous. 

Srensuiited light accessories for transparent specimens included (not 
ustra 


— square mechanical stage with calibrated rotatable stage 
e. 


Many other important features and 
opporotus, filters, micrometer eyepieces, film ee WwW 


jeces, 


f.0.b. Boston. COMPLETE UNIT Only $1145. 


Accessories optional at extra cost: 


viewer [illustrated above). Accessories for low power macro-photog- 
raphy (not illustrated). 


Write to Dept 
Microscopes. 


United Secentifie Co. 


35mm camera attachment and 


PA-6 for illustrated catalog on this and other UNITRON 


204-6 Milk St. 
Boston 9, Mass. 
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izing, etc. Thi STRIP LINES—for anneoli 
f iby s combination aling, galvanizing, al 
controlled he fired electric unit EF CONTINUOUS FURNA 
a ace and metallurgical conditie g. for producing processing wire, sheet CES ore built in mony sixe 
rip. Built by The Electr tions on ferrous and non- other prod » sheet, gs, st : v s and types for 
ic Furnace Co., Salem, Ohio bright 3008 vedlent tubing and many 
The Electric Furnoc s 3000 Ibs. steel tubing p iL, here 
e Co., Salem, Ohio ing per hour Built b 


AGING 
builds Gas-Fired, oil-Fired 
and Electric Furnaces for these **47'"° 


CARBON 
and other heat treating operations RESTORATION 
CARBURIZING 


duction furnaces ~~ continuous and batch types — including Ae 4 


@ FF engineers specialize in designing and building pro- 


roller hearth, roller rail, chain belt, wire belt, slot and tube 
DRAWING 


GALVANIZING 


conveyor types, reciprocating, rotary, car, bell, pit and other 
designs; complete with special atmosphere producers, and 
time and labor saving material handling equipment as required. HARDENING 
Retiecting more than 30 years of continuous research and HOMOGENIZING 
experience, and outstanding engineering accomplishments, MALLEABLIZING 
EF furnaces combine high heating efficiency, accurate auto- 
NORMALIZING 
maintenance, assure economy of operation, high hourly output NITRIDING 
and uniformity of product. SINTERING 
Submit your production furnace problems to experienced SOLUTION TREATING 


engineers — it pays. SPECIAL ATMOSPHERE 


THE ELECTRIC FURNACE co. TREATMENTS AND 
cas ou fete ano Y Yio OTHER PROCESSES 


matically controlled cycles, and advanced designs that minimize 


any PRocess PRODUCT OF peoouction 
Canadian Associates « CANEFCO LIMITED * Toronto 1, Canada 
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YOU GET ALL 5 
Al CRUCIBLE... 


quality 


¥~ widest range of 
special steels 


% fast delivery 


%¥ convenient local 
warehouses 


expert metallurgical 
service 


No matter what your special steel need, Crucible 
can supply the right grade, size and shape, from 
a conveniently located branch warehouse . . . 
for Crucible makes the widest range of special 
steels in the industry. 

And quality-wise you can’t beat Crucible, for 
specialty steels have been our stock-in-trade 
for over half a century. Piece after piece of 
Crucible special steel is of uniformly high 
quality. 


So whether you need tool, stainless, alloy or 
any other type of special steel, it will pay you 
to call your nearest Crucible representative. 
And remember, too, Crucible metallurgists and 
sales engineers are always available to help 
with problems of steel selection or application. 


SA of Fine | steelmaking 


HERE ARE SOME OF THE THOUSANDS 
OF SPECIAL STEELS WHICH HAVE 
MADE CRUCIBLE FAMOUS: 


agricultural steeis— 
LaBelle® and Fieldmaster discs * Colter blades 


alloy steels — 4 complete range 
of AISI grades * Max-el® 


drill steels — CA Double Dia- 
mond® Hollow Drill Steel * Crusca® Hollow and 
Solid Drill Steels 


electrodes Armorize High 
Speed * Rexweld® Hard Surfacing * Rezistal” 
Stainless * Tool Steel 


high speed steelis-— 
Rex" — “The King of High Speed Steels” 


magnets — Alnico Permanent 
Magnets 


rexalloy © — Cost Cutting Tools and 


Noncutting Specialties 


spring steels cold Rolled: 


Railway 


stainless Rezistal” Stainless Steels 
— A complete line covering corrosion- and heat- 
resisting applications. 


hot work steels — Atha Pneu « Chrow 
Mow" * CSM 2 * Formold® * Halcomb 218 
* Halvan * Nu Die V * Peerless A 


air-hardening steels — Airdi 150” + 
Airkool 


oil-hardening steels — Alva Extra® + 
HYCC™ + Ketos * LaBelle * Paragon 


water-hardening steels — Black Dia- 
mond * Crescent Special * Granada * Park 
Special * Peerless Extra * Sanderson Extra 


wire Stainless Fine Wire 


C C LE first name in special purpose steels 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


MIDLAND WORKS, MIDLAND, PA. * SPAULDING WORKS, HARRISON, N. J. * PARK WORKS, PITTSBURGH, PA. * SPRING WORKS, PITTSBURGH, PA. 
SANDERSON-HALCOMB WORKS, SYRACUSE, N. Y. « TRENT TUBE COMPANY, EAST TROY, WISCONSIN * NATIONAL DRAWN WORKS, EAST LIVERPOOL, OHIO 
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